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EDITOR'S  NOTE. 


In  the  preparation  of  the  echeme  annonncing  a  tranBlation  of 
ZiemsBcn'B  Handbtttch  der  ^ecieUen  Paihologie  und  T%erapie,  in  1874, 
it  was  thouglit  advisable  to  omit  tlie  first  volume  of  the  series,  that 
which  relates  to  the  subject  of  public  health.  This  decision  was  based 
chiefly  upon  tlie  fact  that  the  book,  though  excellent  in  all  oUier 
respects,  treats  tlie  subject  almost  entirely  from  a  German  standpoint, 
and  takes  cognizance  of  a  state  of  tilings  very  materially  different  from 
that  whicli  exists  in  this  country.  It  was  believed,  however,  that  a 
treatise  on  private  and  public  hygiene,  written  with  special  reference 
to  the  different  climates,  conditions  of  soil,  habitations,  modes  of  life, 
and  laws  of  the  United  States,  would  meet  witli  favor,  not  only  among 
the  subscribers  to  Ziemssen's  Cydopeedia,  and  physicians  generally,  but 
also  among  all  educated  classes. 

A.  H.  B. 
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I.  Prefatory  Remarks. 


Ik  &n  Introduction  to  such  a  subject  as  Ilyfpenn,  it  is  impoflsible  to  be 
at  the  same  time  clear,  accurate,  and  concise,  without  coiiHikitig  oneself 
mainly  to  platitudes,  since,  in  the  present  atate  of  our  knowledge  of  this 
subject,  almost  every  general  proposition  in  relation  to  it  requires  qualifi- 
cation and  the  noting  of  exceptions,  and  the  words  "probable,"  "pos- 
sihl*,"  "  perhaps,"  or  "  unproved^"  are  called  for  in  almost  every  sentence. 
In  inis  particular  paper  clearness  and  accuracy  have  been  striven  for  ; 
but,  in  order  to  secure  a  reasonable  degree  of  conciseness,  it  has  been 
found  necessary  to  omit  reference  to  a  number  of  topics  which  might 
properly  have  been  noticed  under  this  heading. 

The  fact  that  many  definitions  have  been  given  of  hygiene,  no  one  of 
which  has  proved  entirely  satisfactory — except,  perhaps,  to  its  author — 
shows  that  it  is  one  of  those  terms  in  the  definition  of  which  vague  aod 
undeHnabIc  words  must  be  used,  and  also  that  it  is  still  imperfect  and  in- 
complete, thus  necessitating  a  corresponding  inoomplctcncss  in  its  de- 
ecription.  I'he  usual  definition  of  hygiene  as  being  "  the  art  of  preserv- 
ing health  "  is  defective,  since  it  is  more  than  an  art — it  aims  to  increase 
and  improve  as  well  as  to  preserve;  and  the  word  '*  health  "  is  too  v&gut! 
to  be  of  much  value  in  this  connection.  To  other  definitions  which  have 
been  proposed,  we  will  not  refer,  noting  only  that  the  word  is  often  erro- 
neously used  as  a  synonym  for  sanitary  condition,  as  when  it  is  said  that 
the  hygiene  of  a  place  is  gootJ  or  bad.  In  its  broader  sense,  the  study  of 
hygiene  includes  the  examination  of  the  conditions  which  affect  the 
generation,  development,  growth  and  decay  of  individuals,  of  nations, 
and  of  races,  being  on  its  scientific  side  coextensive  with  biology  in  ita 
broadest  sense,  including  sociology,  rather  than  with  physiology  merely, 
&s  some  writers  state. 

Whatever  can  cause,  or  help  to  cause,  discomfort,  pain,  sickness, 
death,  vice,  or  crime — and  whatever  has  a  tendency  to  avert,  destroy,  or 
diminish  such  causes — are  matters  of  interest  to  the  sanitarian;  and  the 
powers  of  science  and  the  arts,  great  as  they  are,  are  taxed  to  the  utter- 
most to  afford  even  an  approximate  solution  to  tlie  problems  with  which 
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ho  is  concerned.  Of  some  of  these  problems  indeed,  he  has  only  lately 
begun  to  suspect  the  t-xisteuce,  but  in  doing  so  he  has  made  a  great  step 
ii]  advaijcu,  and  when  thi'V  heoame  rlearly  detined  they  arc  in  most  cases 
half  solved.  The  old  and  world-vride  belief  that  disease  is  due  to  special 
Providence,  or  to  the  vengeance  of  offended  Deity,  although  generally 
abandoned  as  regards  individual  cases  or  limited  localities,  still  lingers  in 
the  iiiindu  of  many  with  regard  to  great  epidemics,  which  are  thought  to 
be  cither  inevitable,  or  at  least  only  to  be  avcitcd  by  prayer  and  fasting  ; 
but,  to  the  intelligent  student,  causes  and  effects  do  not  thuR  seem  to 
belong  to  totally  different  clashes,  for,  although  be  will  admit  that  there 
is  a  close  relation  between  vice  and  disease,  yet  he  will  consider  their 
influence  as  reciprocal,  and  that  in  many  cases  they  are  only  different 
names  fur  the  same  thing. 

The  hygiene  of  which  this  volume  is  to  treat  has  not  so  broud  a 
scope  as  that  just  hinted  at,  since  the  intention  has  been  to  produce  a 
practical  treatise,  limited  to  a  consideration  of  tlie  must  usual  preventable 
causes  of  disease  in  civilized  coiintries,  and  more  especially  in  the  United 
States,  and  of  the  surest  and  most  economical  means  of  dimiubhing  or 
destroying  these  causes. 

To  what  extent  the  prevention  of  disease,  the  prolongation  of  life,  and 
the  improvement  of  the  physical  and  mental  powers  in  man  may  be  car- 
ried, we  do  not  know;  but  no  doubt  the  tendency  of  those  who  write  and 
speak  most  on  this  subject  is  to  exaggerate  the  possibilities  of  improve- 
ment; since  it  does  not  seem  probable  that  the  conditions  of  perfect  per- 
sonal and  public  health  are  attainable,  except  in  rare  and  isolated  cases,  and 
for  comparatively  short  periods  of  time  ;  yet,  "  that  the  average  length 
of  human  life  may  be  very  much  extended,  and  its  physical  power  greatly 
augmented;  that  in  every  year  within  this  commonwealth  thousands  of 
lives  are  lost  which  iniglit  have  been  saved  ;  that  tens  of  thousands  of 
cases  of  sickness  occur  which  might  have  been  prevented  ;  that  a  vast 
amount  of  unnecessarily  impaired  health  and  physical  debility  exists 
among  those  not  confined  by  sickness  ;  that  these  preventable  evils  re- 
quire an  enormous  expenditure  and  loss  of  money,  and  impose  upon  the 
people  unnumbered  and  immeasurable  calamities,  pecuniary,  social,  physi- 
cal, mental,  and  moral,  which  might  be  avoided  ;  that  means  exist  within 
our  reach  for  their  mitigation  or  remo%-al  ;  and  that  measures  for  preven- 
tion will  effect  more  than  remedies  for  the  cure  of  disease  "  ' — will  prob- 
ably be  admitted  by  every  one  who  has  carefully  studied  the  subject  and 
made  himself  familiar  with  what  has  been  accomplished  in  certain  limited 
localities. 

Sanitary  science  docs  not  at  present  possess  any  well -recognized  and 
mtisfaotor)'  standard,  or  norm,  by  which  the  condition  of  health  of  a 
£twn  community  can  be  measured,  since  the  death-rate,  which  is  that 
■pmQt  employed,  is  a  very  imperfect  and  unreliable  teat,  as  will  be  here- 
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Iter  explained  ;  but  evDn  mortality  ratios  may  serre  to  £^ive  an  idea  of 
be  importance  of  the  subject. 

Mr.  Chadwick,  from  an  examination  of  the  mortality  in  several  insli- 
tutious  for  the  earn  of  orphan  children,  fixes  the  normal  rate  of  infantile 
mortality,  under  gf>od  sanitarj*  conditions,  as  not  exceeding  three  deaths 
per  thousand  annually;  and  in  like  manner,  from  a  comparison  of  the  n^- 
Kulta  obtained  in  prisons,  he  fixes  the  nonn  of  mortality  for  adultH  uf 
the  ages  of  the  prison  populations,  at  the  saute  fi^re,  viz.,  3  per  l.O(K).' 
KIsewhere,  he  computes  the  number  of  deaths  from  causes  clearly  ascer- 
tained to  be  ppevontable,  as  not  less  than  one  hundred  and  twenty  thou- 
sand annually  in  the  United  Kingdom,  and  estimates  that  the  serious  cases 
of  preventable  sickness  are  more  than  ten  times  that  number.'  Another 
standard,  more  recently  proposed  by  I)r.  Bond,  is.  that  of  every  1,000  in- 
fants bonif  there  should  be  alive  at  the  end  of  the  Hrst  year  000  ;  at  the 
end  of  their  fifth  year,  8G0  ;  and  at  the  end  of  their  fifteenth  ywir,  830.' 

Applying  these  standards  to  the  mortality  of  the  United  States  for 
the  year  ending'  June  1,  1870,  as  shown  by  the  cyimus  fjf  that  date,  we 
find  that  the  total  number  of  deatlis  reported  whs  ^O'i^'i^^,  being  at  the 
rate  of  12.8  per  1,000,  or  u  little  over  four  limes  Mr.  t^hadwick^a  norm. 
This  number  of  deaths  and  its  corresponding  ratio  is  known  to  bo  too 
»mall  by  probably  at  leaut  20  per  cent.,  and  the  tatal  annttiil  loss  of  life 
in  this  country,  from  causes  well  known  to  be  preventable,  is  certainly 
over  100,000  annually;  while,  if  wo  were  to  consider  theoretical  possibili- 
ties rather  than  actual  probabilities,  these  figures  might  be  doubled. 

In  addition  to  these  unnecessary  deaths,  there  are  probably  one  hun- 
dred and  fifty  thousand  persons  constantly  sick  in  the  United  States  from 
causes  which  we  have  good  reason  to  think  are  preventable,  and  wo  may 
accept,  AS  a  basis  for  calculation,  that  the  productive  oflic^ieney  of  the 
average  life  tn  this  country  falls  short  of  the  nnnnal  amount  by  at  least 
thirty  per  cent. 

It  \s  an  usual  estimate  among  sanitarians,  that,  by  the  adoption  of 
proper  modes  of  life  on  the  part  of  both  indinduaLs  and  communities, 
nearly  one-half  of  existing  diseases  might  bo  abolished,  and  that  the  an- 
nual mortality  rate  should  nut  exceed  15  per  1,000. 

As  regards  certain  localities,  and  for  a  limited  time,  this  is  no  doubt 
true;  but  it  is  worth  while  to  remember  one  nr  two  facts  in  this  connec- 
tion. Supposing  the  birth-rate  to  remain  the  same,  and  the  annual  mor- 
tality to  diminish,  and  omitting  the  effects  of  migration,  it  is  clear  that 
this  process  catmot  go  on  indefinitely,  and  that  within  a  century  the 
mortality  must  again  increase  until  it  corresponds  with  the  birth-rate. 

It  ia  also  evident  that,  as  the  average  duration  of  life  ts  increased,  the 
liability  to  disease  will  also  increase,  although  not  in  the  same  ratio. 
The  tofants  who  are  now  swept  away  in  epidemics  of  measles  or  soarla- 


'  Trans.  Nat  Assoc,  for  the  Promotion  of  Booial  Soienoe,  for  1R77,  p.  76. 
'Address  b«for«  the  Intematiooai  Confess  of  Paris.  Atxg.,  1878. 
'  Sanitary  Record,  Jan.  24,  1879,  p  07. 
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iLna  -wouid,  if  we  could  stamp  out  these  diseases,  serve  to  swell  the  deatb- 
riLtcs  from  other  affections,  and  in  this  sense  it  is  correct  to  say  that  vac- 
cination has  increased  the  number  of  deaths  from  diarrhcca  or  diphtheria^ 
itinco  it  preserves  some  to  fall  viiaiiiis  from  those  diseases,  who  otherwise 
would  have  died  of  small-pox. 

The  power  and  wealth  of  a  community  depend  on  the  capital  accumu- 
lated, and  tipon  the  proportion  which  its  elTectiveor  productive  inhabitants 
bear  to  those  who  are  iion-pruduotivc,  and  the  last  element  is  of  vastly  more 
importance  than  the  first.  In  the  United  States,  according  to  Dr.  Jarvis, 
atK)ut  one-half  are  sustainers  and  one-half  dependent;  but,  as  he  reckons  all 
persons  between  the  ages  of  twenty  and  seventy  as  sustainers,  and  appar- 
ently makes  no  deductions  on  account  of  sex,  criminals,  sickness,  eta,  his 
estimate  is  not  of  much  value  for  our  purpose.'  This  distinction  between 
producers  and  non-producers  is,  however,  an  important  one  to  remember  in 
attempting  to  estimate  the  loss  to  a  community  from  preventable  diseases. 
•Such  estimates  are  based  on  the  pecuniary  value  of  lives  considered  as 
productive  or  money-earning  instruments,  or  as  capitalized  investments, 
and  this  value  varies  greatly.  Accepting  either  the  calculations  of  Ur. 
Jarvis  or  of  Dr.  Parr  on  this  point,  it  can  be  shown  that  the  direct  pecuniary 
loss  to  this  country  on  account  of  preventable  sickness  and  mortality  is 
certainly  over  $100,000,000  annually,  and  this  without  taking  into  account 
expenditures  incurred  on  account  of  sickness,  etc.,  or  the  unusual  losses 
duo  to  great  epidemics,  both  from  waste  of  life  and  injury  to  commerce. 

^t  is  evident,  therefore,  that  hygiene  is  not  only  a  subject  of  scientific 
interest  to  the  student  or  to  medical  men,  but  that  to  the  political  econo- 
mist and  the  legislator  its  problems  and  discoveries  ought  to  be  of  great 
practical  importance — greater,  in  fact,  than  many  of  the  subjects  with  which 
those  gentlemen  usually  occupy  themselves;  and,  at  first  sight,  it  msy 
seem  strange  that  it  should  not.  receive  more  attention  and  consideration 
from  politicians  and  legislative  bodies  than  wo  actually  find  to  be  the 
case.  A  Standing  Committee  on  Public  Health  would  be  about  the  last 
uommittcc  that  either  Congress  or  a  State  legislature  would  think  of 
organizing. 

13ut  when  we  examine  the  amount  of  knowledge  a»  to  the  causes  of 
disease  whioh  is  actually  possessed  by  the  immense  majority  of  fairly  well 
educated  and  intelligent  people,  and  see  how  much  of  it  is  mere  vague 
conjecture,  untested  theory  and  baseless  estimate,  and,  above  all,  how 
hopelessly  unconscious  they  are  of  their  own  ignorance,  and  bow  promptly 
and  confidently  they  will  undertake  to  advise  as  to  what  should  or  should 
not  be  dune  to  prevent  cholera  or  yellow  fever,  or  any  other  disease  what- 
ever, we  cannot  wonder  that  the  public  at  large  is  confused  by  the  contra- 
dictory assertions  made  to  it,  and  hesitates  as  to  what  should  or  what  can 
be  done  in  the  matter. 

There  is  a  Gorman  proverb  to  the  effect  that  "  the  better  is  often  an 


'  Puliticn]   EcoDOuij  ur  Health,  hy   Gtlwanl  Janui,  K.D. 
Bute  Boani  of  Health  of  ^InMaclin Mitts,  1874,  p.  330. 
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f-npmy  to  the  good,*"  anrl  tliis  uften  applies  to  the  action  taken  on  propo 
«itions  for  improving  the  public  health.  The  truly  Bciontific  sanitarian 
will  promptly  admit  that  his  knowledge  is  scanty  and  defective,  that  he 
cannot  assert  that  the  measures  he  proposes  are  the  bi'st  possible  meas- 
ures, but  only  that  they  are  the  best  he  can  now  devise,  and  that,  in  the 
present  raj}id  progress  in  science  and  its  applioation  for  the  benefit  of  man- 
kind, it  may  be  tliat  within  a  few  years  at  furthest  Mjmc  better  means 
may  be  found  to  produce  the  results  desired;  and  these  truthful  admis- 
siona  will  often  be  used  as  arguments  against  his  prciposiiions  and  in  favor 
of  those  of  persons  much  more  ignorant,  but,  by  n'asori  of  that  very  igno- 
rance, much  more  peremptory  and  usuured  in  their  aHsertions. 

The  history  of  the  schemes  for  drainage  and  sewerage  for  almost  any 
of  our  large  cities  would  fully  illustrate  the  delay  and  inaction  which  re- 
sult from  this,  and  the  r^Hiords  of  disease  and  death,  where  available,  will 
show  the  evil  results.' 

Sanitary  measures,  to  be  effective,  should  be  carried  out  at  those  times 
when  most  people  see  no  special  cause  for  anxiety,  and  often,  therefore, 
upptar  to  involve  unnoeefisary  worry  and  expanse. 

When  such  measures  are  most  successful  their  value  may  be  least  ap- 
preciated. '*  If  the  expected  disease  docs  not  appear,  the  warnings  arc 
lonaidered  to  have  been  a  false  alarm,  and  the  precautions  taken  to  have 
been  exoi^wiiv*-.  The  friends  of  the  typhoid  fever  [mlient,  who  will  not  fail 
to  remember  and  be  grateful  for  the  care  and  assiduity  with  which  a  phy- 
siooo  may  have  treated  the  disease,  would  probably  have  thought  him  in- 
trusive and  troublesome  had  he  taken  one-half  the  same  trouble  to  see  that 
the  cause  of  lht»  fever  was  prevented." 

A  man  seeks  the  advice  of  a  physician  because  he  knows,  or  thinks,  that 
he  is  sick.  The  comnmntty  will  do  the  same  under  like  circumstancos;  but, 
how  ean  it  be  expected  to  seek  hygienic  advice  so  long  as  it  knows  nothing 
iif  there  brirjg  any  nceesslty  for  it?  This  knowledge  can  only  bo  obtained 
by  the  collection  and  collation  of  positive  data  as  to  the  amount  and  char- 
acter of  disease  prevailing.  Mortality  statistics  are  lacking  for  the 
greater  [urt  of  the  United  States,  and  where  they  are  furnished,  in  the 
majority  of  cases,  the  probabilities  of  error  are  so  groat  as  to  render  them 
aJmost  valueless.  To  the  public,  such  statistic-s,  even  if  accurate,  give  little 
information,  since  the  fact  that  the  annua)  mortality  of  a  city  is  30  per 
1,000  has  no  special  signiBcance  to  the  majority  of  voters.  In  fact,  mor- 
tality statistics  must  be  taken  in  connection  with  birth-rate^  and  move- 
ment of  population,  to  be  of  much  value.  In  the  absence  of  jxisitive 
information,  the  tendency  is  that  each  man  who  does  pay  attention  to  the 
subject  feels  confident  of  the  truth  of  his  own  pet  theory,  and  atJvocates 
bis  special  panacea  or  patent  with  assnrtions  iimtcad  of  demonstrations, 
while,  as  one  after  the  other  of  the  schemes  is  tried  and  found  wanting, 
a  general  scepticism  is  developed  as  to  the  possibility  of  fimlinga  remedy. 

'  Bee  also  the  acoouDl,  by  Dr.  GottesbelTn,  of  the  ivsolte  of  deferring  the  i^ood  m 
hope  of  tbe  better,  in  the  city  of  Basel,  in  Deutsche  Trtljhrscbr.  f.  OcffeDtl.  Oesund- 
bvUspllese,  1877.  IX.,  p.  470. 
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i,In  the  majority  of  popiilur  works  on  hyg-iono,  the  subject  is  treated 

if  it  were  a  very  sirapk'  matter,  anri  general  rules  are  laid  down  and 
sweeping'  deductions  establitihed  from  entirely  insufficient  data. 

Just  as  many  people  suppose  that  diseases  can  be  treated  by  their 
naiiios,  and  that  tho  study  of  medicine  consists  of  memorising^  certain  for- 
mulii.'i  for  the  cure  of  dyspe]i8ia,  neuralgia,  pneumonia,  etc.,  so  it  is  thought 
that  if  a  man  can  talk  about  foul  and  poisonous  gases,  sewage*cootauji- 
natioHf  disinfection,  and  quarantine,  he  must  be  a  skilled  sauitarian. 

Iznperfoct  as  our  knowledge  of  the  causes  and  means  of  prevention  of 
diBease  certainly  is,  it  is  still  far  in  advance  of  tho  popular  practice,  because 
the  means  of  pretention  c-annot  usually  be  had  for  nothing. 

Tho  mass  of  mankind  are  unwitting  to  sacritice  present  comfort  or  en- 
joyment f<ir  a  possible  future  good,  and  almost  all  the  dictates  of  sanitary 
science  call  for  labor  and  expense.  That  this  labor  often  soon  becomes  in 
itself  a  source  of  pleasure,  as  for  instance  in  the  preservation  of  personal 
cleanliness,  and  that  the  expcoso  incurred  is  in  most  cases  the  beet  pos- 
sible investment  of  capital,  is  not  and  cannot  be  appreciated  by  the  uiasseti. 

One  of  the  best  illustrations  of  tho  extent  to  which  ignorance  and 
carelessness  nullify  the  utility  of  advances  in  knowledge  of  methods  for 
the  prevention  of  disease  is  found  in  the  fact  that  smatl-pox  still-appears 
as  a  local  epidemic,  and  sometimes  with  great  mortality.  If  anything  is 
known  in  preventive  medicine,  it  is  that  this  loathsome  disease  may  be 
easily  and  certainly  prevented  in  almost  every  case,  and  that  it  should 
never  appear  on  the  death  register;  yet,  to  obtain  such  an  universal  and 
satisfactory'  vaccination  and  revaccination  of  each  individual  as  will  give 
this  security,  there  is  necessary  the  decided  and  persistent  interference  of 
government  to  an  extent  which  has  not  yet  been  provided  in  this  country, 
except  in  a  few  limited  localities. 

The  possible  financial  results  of  this  carelessness  are  shown  by  Dr.  Lee 
in  a  computation  of  the  cost  of  the  small-pox  in  l871-'73  in  the  city  of 
Philadelphia,  which  he  makes  to  be  *21, 848,977. 99,  while  the  cost  of  pre- 
venting it  is  figured  at  less  than  ^800,OlK).00.  It  is  true  that  in  his  oalou- 
lations  indirect  damages  figure  to  an  undue  extent,  and  that  in  his  esti* 
mate  of  cost  of  prevention  ho  provides  for  but  eighteen  months;  but  if  we 
take  the  pecuniary  loss  at  $10,000,000  only,  the  annual  interest  on  which  at 
5  per  cent,  is  $500,000,  it  is  clear  that  an  annual  expenditure  of  $100,000 
for  the  purpose  of  preventing  small-pox  only  would  have  been  a  very  good 
investment  for  Philadelphia.  The  question  of  cost  in  public  hygiene  is, 
however^  by  no  means  so  simple  a  matter  as  this  statement  would  seem  to 
make  it. 

The  burden  of  sanitary  improvements  must  rest  upon  property,  ».  «., 
"the  owners  of  property  are  to  provide  dwellings  fit  for  human  habita- 
tion, upon  auffioient  superBcial  space,  with  a  due  supply  of  wholesome 
water  and  with  all  necessary  structural  means  of  preserving  health,  under 
penalty  for  non-fultilment  of  obligation;  and  no  sale  or  tenure  of  property 
should  be  permitted  which  ignores  or  violates  this  principle."     (Rumsey.) 

But,  to  carry  out  proper  sanitary  plans,  either  in  a  house  or  in  a  city. 
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often  means  more  than  the  mere  expenditure  of  money — it  means  that 
something  must  be  g^ven  up,  some  luxury  or  comfort  dispensed  with. 
Had  the  house  or  city  been  properly  constructed  at  the  commencement, 
this  might  not  have  been  the  ease;  but  very  few  habitations,  and  no  cities, 
have  been  thus  planned.  With  regard  to  cities  it  is  almost  impossible 
that  they  should  be  so  planned,  since  to  effect  this  would  require  powers 
of  prediction  as  to  the  future  size,  commercial  and  manufacturing  relations, 
etc.,  of  the  municipality,  which  cannot  be  expected  in  the  founders. 

Many  of  the  cities  in  this  country  are  already  heavily  burdened  with 
debt,  for  they  are  less  likely  to  be  economical  than  individuals,  and  they 
have  spent  so  much  on  marble  fa9ade8  and  architectural  adornments,  on 
civic  display,  unnecessary  officials,  and  jobs  of  various  kinds,  that  when 
the  sanitarian  comes  with  his  recommendations  for  new  drainage  and 
sewerage  works,  for  a  better  water-supply,  or  for  a  properly  constituted 
and  sufficiently  paid  board  of  health,  he  is  told  that  it  cannot  be  done 
because  the  city  cannot  afford  it,  and  upon  examination  he  may  find  that 
this  is  really  the  case. 

Hence,  practical  sanitarians  should  keep  an  eye  not  only  on  their  own 
desiderata,  but  upon  all  the  objects  for  which  the  public  moneys  are  ex- 
pended, to  a  much  greater  extent  than  they  usually  do;  for  the  proper 
time  to  insist  that  the  city  needs  a  good  system  of  sewerage,  and  a  com- 
petent board  of  health,  more  than  it  does  a  new  city  hall,  is  before  the 
city  ball  is  authorized  and  ordered.  "  There  is  that  scattereth  and  yet 
increaseth,  and  there  is  that  withholdeth  more  than  is  meet,  but  it  tendeth 
to  poverty." 

It  is  a  very  important  part  of  the  business  of  a  sanitarian  to  know 
what  his  proposed  plans  will  cost  if  carried  out,  both  for  establishment 
and  maintenance,  and  the  question  of  expense  should  have  a  prominent 
place  in  his  reports  and  recommendations:  he  must  show  that  he  is  a 
practical  business  man  as  well  as  a  scientist. 

Since  it  is  quite  proper  to  distribute  the  cost  of  permanent  improve- 
ments over  a  term  of  years,  and  since  sanitary  improvements,  which  are 
really  such,  soon  pay  for  themselves,  not  only  in  money  saved,  but  in  labor 
spared  and  distress  avoided,  it  will  rarely  happen  that  the  plea  of  poverty 
and  indebtedness  can  be  admitted  as  a  sufficient  excuse  for  permitting 
well-recognized  unsanitary  conditions  to  remain;  yet  this  must  sometimes 
be  the  case,  and  then  appeal  must  be  made  to  the  State,  if  the  city  is  worth 
preserving.  There  are  some  cities  which  it  would  be  cheaper  to  either 
abandon,  or  bum  down  and  commence  afresh,  than  to  put  them  in  good 
hygienic  condition,  retaining  their  present  levels,  streets,  sewers,  and  so 
forth. 

The  relations  between  sociology  and  hygiene  are  extremely  intimate, 
a  fact  which  seems  not  sufficiently  appreciated  by  the  students  of  either 
subject. 

A  mode  of  life  whose  effects  shall  be  limited  to  the  individual  is  im- 
possible except  in  a  case  like  that  of  Robinson  Crusoe  before  his  man 
Friday  joined  him,  and  the  well-known  analogies  between  human  society 
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I,  Pbsfatort  Remarks. 

In  an  introduction  to  such  a  subject  as  Hygiene,  it  is  impossible  to  be 
at  the  same  time  clear,  accurate,  and  concise,  without  confining*  oneself 
mainly  to  platitudes,  since,  in  the  present  state  of  our  knowledge  of  this 
subject,  almost  every  general  proposition  in  relation  to  it  requires  qualifi- 
cation and  the  noting  of  exceptions,  and  the  words  "probable,"  "pos- 
sible," "  perhaps,"  or  "  unproved,"  are  called  for  in  almost  every  sentence, 
in  tnis  particular  paper  clearness  and  accuracy  have  been  striven  for  ; 
but,  in  order  to  secure  a  reasonable  degree  of  conciseness,  it  has  been 
found  necessary  to  omit  reference  to  a  number  of  topics  which  might 
properly  have  been  noticed  under  this  heading. 

The  fact  that  many  definitions  have  been  given  of  hygiene,  no  one  of 
which  has  proved  entirely  satisfactory — except,  perhaps,  to  its  author — 
ahows  that  it  is  one  of  those  terms  in  the  definition  of  which  vague  and 
undefinable  words  must  be  used,  and  also  that  it  is  still  imperfect  and  in- 
complete, thus  necessitating  a  corresponding  incompleteness  in  its  de- 
acnption.  The  usual  definition  of  hygiene  as  being  "  the  art  of  preserv- 
ing health  "  is  defective,  since  it  is  more  than  an  art — it  aims  to  increase 
and  improve  as  well  as  to  preserve;  and  the  word  "  health  "  is  too  vague 
to  be  of  much  value  in  this  connection.  To  other  definitions  which  have 
been  proposed,  we  will  not  refer,  noting  only  that  the  word  is  often  erro- 
neously used  as  a  synonym  for  sanitary  condition,  as  when  it  is  said  that 
the  hygiene  of  a  place  is  good  or  bad.  In  its  broader  sense,  the  study  of 
hygiene  includes  the  examination  of  the  conditions  which  affect  the 
generation,  development,  growth  and  decay  of  individuals,  of  nations, 
and  of  races,  being  on  its  scientific  side  coextensive  with  biology  in  its 
broadest  sense,  including  sociology,  rather  than  with  physiology  merely, 
as  some  writers  state. 

Whatever  can  cause,  or  help  to  cause,  discomfort,  pain,  sickness, 
death,  vice,  or  crime — and  whatever  has  a  tendency  to  avert,  destroy,  or 
diminish  such  causes — are  matters  of  interest  to  the  sanitarian;  and  the 
powers  of  science  and  the  arts,  great  as  they  are,  are  taxed  to  the  utter- 
most to  afford  even  an  approximate  solution  to  the  problems  with  which 
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he  is  concerned.  Of  some  of  these  problems  indeed,  he  has  only  lately 
begun  to  suspect  the  exifitence,  but  in  doing  so  he  hu  made  a  great  step 
in  advance,  and  when  they  become  clearly  defined  they  are  in  most  cases 
half  solved.  The  old  and  wurld-wide  belief  that  disease  is  due  to  special 
Providence,  or  to  the  vengeance  of  offended  Deity,  althoug:h  ^nerally 
abandoned  as  regards  individual  cases  or  limited  localities,  still  liners  in 
the  minds  of  many  with  regard  to  g^eat  epidemics,  which  are  thought  to 
be  eitlier  inevitable,  or  at  least  only  to  be  averted  by  prayer  and  fasting ; 
but,  to  the  intelligent  student,  causes  and  effects  do  not  thus  seem  to 
belong  to  totally  different  classes,  for,  although  he  will  admit  that  there 
is  a  close  relation  between  vice  and  disease,  yet  he  will  consider  their 
influence  as  reciprocal,  and  that  in  many  cases  they  are  only  different 
names  for  the  same  thing. 

The  liygiene  of  which  this  volume  is  to  treat  has  not  so  broad  a 
scope  as  that  just  hinted  at,  since  the  intention  has  been  to  produce  a 
practical  treatise  limited  to  a  consideration  of  the  most  usual  preventable 
causes  of  disease  in  civilized  rouiitries,  and  more  especially  in  the  United 
States,  and  of  the  surest  and  most  economical  means  of  diminishing  or 
destroying  these  causes. 

To  what  extent  the  prevention  of  disease,  the  prolongation  of  life,  and 
the  improvement  of  the  physical  and  mental  j>owers  in  man  may  be  car- 
ried, we  do  not  know;  but  no  <loubt  the  tendency  of  those  who  write  and 
speak  most  on  this  subject  is  to  exaggerate  the  ]>os8ibilities  of  improre- 
ment;  since  it  does  not  seem  probable  that  the  conditions  of  })erfcK!t  per- 
sonal and  public  health  are  attainable,  except  in  rare  and  i8olate<l  cases,  and 
for  comparatively  short  periods  of  time  ;  yet,  *'  that  the  average  length 
of  human  life  may  be  very  much  extended,  and  its  physical  power  greatly 
augmented;  that  in  every  year  within  this  commonwealth  thousands  of 
lives  are  lost  which  might  have  been  saved  ;  that  tens  of  thoasands  of 
cases  of  sickness  occur  which  might  liave  been  ])revented  ;  that  a  vast 
amount  of  unnecessarily  impaired  health  and  physical  debility  exists 
among  those  not  confined  by  sickness  ;  that  these  preventable  evils  re- 
quire an  enormous  expenditure  and  loss  of  money,  and  impose  upon  the 
people  unnumbered  and  immeasurable  calamities,  pecuniary,  social,  physi- 
cal, mental,  and  moral,  which  might  be  avoided  ;  that  means  exist  within 
our  reach  for  their  mitigation  or  removal  ;  and  that  measures  for  preven- 
tion will  effect  more  than  remedies  for  the  cure  of  disease  "  ' — will  prob- 
ably be  admitted  by  every  one  who  has  carefully  studied  the  subject  and 
made  himself  familiar  with  what  has  been  accomplished  in  certain  limited 
localitiea 

Sanitary  science  does  not  at  present  possess  any  well -recognized  and 
satisfactory  standard,  or  norm,  by  which  the  condition  of  health  of  a 
given  community  can  be  measured,  since  the  death-rate,  which  is  that 
usually  employed,  is  a  verj'  imperfect  and  unreliable  test,  as  will  be  here- 


'  Report  of  a  General  Plan  for  tbe  Promotion  of  Pablic  and  Personal  Health,  etc, 
Boston.  1800,  8vo,  p.  10. 
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after  explained ;  but  even  mortality  ratios  may  servo  to  give  an  idea  of 
the  importance  of  the  subject. 

Mr.  Chadwick,  from  an  examination  of  the  mortality  in  several  insti- 
tutions for  the  care  of  orphan  children,  fixes  the  normal  rate  of  infantile 
mortality,  under  good  sanitary  conditions,  as  not  exceeding  three  deaths 
per  thousand  annually;  and  in  like  manner,  from  a  comparison  of  the  re- 
sults obtained  in  prisons,  he  fixes  the  norm  of  mortality  for  adults  of 
the  ages  of  the  prison  populations,  at  the  same  figure,  viz.,  3  per  1,000.' 
Elsewhere,  he  computes  the  number  of  deaths  from  causes  clearly  ascer- 
tained to  be  preventable,  as  not  less  than  one  hundred  and  twenty  thou- 
sand annually  in  the  United  Kingdom,  and  estimates  that  the  serious  cases 
of  preventable  sickness  are  more  than  ten  times  that  number.*  Another 
standard,  more  recently  proposed  by  Dr.  Bond,  is,  that  of  every  1,000  in- 
fants born,  there  should  be  alive  at  the  end  of  the  first  year  900  ;  at  the 
end  of  their  fifth  year,  860  ;  and  at  the  end  of  their  fifteenth  year,  830.' 

Applying  these  standards  to  the  mortality  of  the  United  States  for 
the  year  ending  June  1,  1870,  as  shown  by  the  census  of  that  date,  we 
find  that  the  total  number  of  deaths  reported  was  49:2,263,  being  at  the 
rate  of  12.8  per  1,000,  or  a  little  over  four  times  Mr.  Chadwick's  norm. 
This  number  of  deaths  and  its  corresponding  ratio  is  known  to  be  too 
small  by  probably  at  least  20  per  cent.,  and  the  total  annual  loss  of  life 
in  this  country,  from  causes  well  known  to  be  preventable,  is  certainly 
over  100,000  annually;  while,  if  we  were  to  consider  theoretical  possibili- 
ties rather  than  actual  probabilities,  these  figures  might  be  doubled. 

In  addition  to  these  unnecessary  deaths,  there  are  probably  one  hun- 
dred and  fifty  thousand  persons  constantly  sick  in  the  United  States  from 
causes  which  we  have  good  reason  to  think  are  preventable,  and  we  may 
accept,  as  a  basis  for  calculation,  that  the  productive  efficiency  of  the 
average  life  in  this  country  falls  short  of  the  normal  amount  by  at  least 
thirty  per  cent. 

It  is  an  usual  estimate  among  sanitarians,  that,  by  the  adoption  of 
proper  modes  of  life  on  the  part  of  both  individuals  and  communities, 
nearly  one-half  of  existing  diseases  might  be  abolished,  and  that  the  an- 
nual mortality  rate  should  not  exceed  15  per  1,000. 

As  regards  certain  localities,  and  for  a  limited  time,  this  is  no  doubt 
true;  but  it  is  worth  while  to  remember  one  or  two  facts  in  this  connec- 
tion. Supposing  the  birth-rate  to  remain  the  same,  and  the  annual  mor- 
tality to  diminish,  and  omitting  the  effects  of  migration,  it  is  clear  that 
this  process  cannot  go  on  indefinitely,  and  that  within  a  century  the 
mortality  must  again  increase  until  it  corresponds  with  the  birth-rate. 

It  is  also  evident  that,  as  the  average  duration  of  life  is  increased,  the 
liability  to  disease  will  also  increase,  although  not  in  the  same  ratio. 
The  infants  who  are  now  swept  away  in  epidemics  of  measles  or  scarla- 


'  Trans.  Nat  Assoc,  for  the  Promotion  of  Social  Science,  for  1877,  p.  76. 
'Address  before  the  International  Congress  of  Paris,  Aug.,  1878. 
"Sanitary  Eeoord,  Jan.  34,  1879,  p.  37. 
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tina  would,  if  wc  could  stamp  out  these  diseases,  serve  to  swell  the  detth- 
rates  from  other  affections,  and  in  this  sense  it  is  correct  to  aay  that  rsc- 
cination  has  increased  the  number  of  deaths  from  diarrhoea  or  diphtheria, 
since  it  preserves  some  to  fall  victims  from  those  disease*,  w^ho  otherwise 
would  have  died  of  small-pox. 

The  power  and  wealth  of  a  community  depend  on  the  capital  aocomn- 
lated,  and  upon  the  proportion  which  its  effectiveor  productive  inhabitanti 
bear  to  those  who  are  non-pn>ductivc,  and  the  last  element  is  of  vastly  more 
importance  than  the  first.  In  the  United  States,  according'  to  Dr.  Jarris, 
aboutonc-half  are  Bustainers  and  one-half  dependent;  but,  as  he  reckons  all 
persons  between  the  ages  of  twenty  and  seventy  as  sustainers,  and  sj^mT' 
ontly  makes  no  deductions  on  account  of  sex,  criminals,  sickness,  etc.,  hii 
estimate  ia  not  of  much  value  for  our  purposed  This  distinction  betweet 
producers  and  non-producers  ia,  however,  an  important  one  to  remember  tx 
attempting  to  estimate  the  loss  to  a  community  from  preventsUt>le  disffssw 
Such  estimates  are  based  on  the  pecuniary  value  of  Uvea  considered  ai 
productive  or  money-earning  instruments,  or  as  capitalized  invcatmeota 
and  this  value  varies  greatly.  Accepting  either  the  calculations  of  Dr 
Jarvis  ur  of  Dr.  Farr  on  this  point,  it  can  be  shown  that  the  direct  pccunian 
loss  to  this  country  on  account  of  preventable  sickness  and  mortality  h 
certainly  over  •100,000,000  annually,  and  this  without  taking  into  acoouni 
expenditures  incurred  on  account  of  sickness,  etc.,  or  the  unusual  losses 
duo  to  great  epidemics,  both  from  wa.ste  of  life  and  injury  to  commerce 

Jt  is  evident,  therefore,  that  hygiene  is  not  only  a  subject  of  scientific 
interest  to  the  student  or  to  medical  men,  but  that  to  the  political  eoono- 
mittt  and  the  legislator  its  problems  and  discoveries  ought  tu  be  of  fC^^at 
practical  importance — greater,  in  fact,  than  many  of  the  subjects  with  which 
thotu:  gentlemen  usually  occupy  thomsi^lvcs;  and,  at  first  sight,  it  mav 
seem  strange  that  it  should  nut  receive  more  attention  and  consideration 
from  politicians  and  legiHlaCive  budii-s  than  we  actually  find  to  be  the 
case.  A  Standing  Committee  on  rublic  Health  would  be  about  the  last 
committee  that  either  Congn>HH  ur  a  State  legislature  would  think  of 
organizing. 

Hut  when  we  examine  the  amount  of  knowledge  as  to  the  causes  of 
disease  wliich  is  actually  pos-sessed  ))y  the  immense  majority  of  fairly  well 
educated  and  intelligent  peopl<>,  and  see  how  nmeh  of  it  is  mere  vagne 
conjecture,  untested  theory  and  baseless  estimate,  and,  above  all,  how 
hopelessly  unconscious  they  are  of  their  own  ignorance,  and  how  promptly 
and  confidently  they  will  undertake  to  advise  a.s  to  what  should  or  should 
not  be  don«!  to  prevent  cholera  or  yellow  fever,  or  any  other  disease  what- 
ever, we  cannot  wonder  that  the  public  at  large  is  confuHcd  by  the  contra- 
dictory assertions  made  to  it,  and  hositateH  as  to  what  should  or  what  can 
be  done  in  the  matter. 

There  is  a  German  proverb  to  the  effect  that  *'  tlic  better  is  often  an 

'  Pdlitiral  Economy  of  Health,  liy  Eilwanl  .Iani.«,  M  U,  :  FitUi  Annual  Report, 
Btatu  Hoard  of  Ileultb  of  Mamtacliiiseitt,  1HT4,  p.  ^EG. 
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enemy  to  the  good/'  and  this  often  applies  to  the  action  taken  on  propo- 
sitions for  improving  the  public  health.  The  truly  scientiSc  sanitarian 
will  promptly  admit  that  his  knowledge  is  scanty  and  defective,  that  he 
cannot  assert  that  the  measures  he  proposes  are  the  best  possible  meas- 
uresj  but  only  that  they  are  the  best  he  can  now  devise,  and  that,  in  the 
present  rapid  progress  in  science  and  its  application  for  the  benefit  of  man- 
kind, it  may  be  that  within  a  few  years  at  farthest  some  better  means 
may  be  found  to  produce  the  results  desired;  and  these  truthful  admis- 
sions will  often  be  used  as  arguments  against  his  propositions  and  in  favor 
of  those  of  persons  much  more  ignorant,  but,  by  reason  of  that  very  igno- 
rance, much  more  peremptory  and  assured  in  their  assertions. 

The  history  of  the  schemes  for  drainage  and  sewerage  for  almost  any 
of  our  large  cities  would  fully  illustrate  the  delay  and  inaction  which  re- 
sult from  this,  and  the  records  of  disease  and  death,  where  available,  will 
show  the  evil  results.' 

Sanitary  measures,  to  be  effective,  should  be  carried  out  at  those  times 
when  most  people  see  no  special  cause  for  anxiety,  and  often,  therefore, 
appear  to  involve  unnecessary  worry  and  expense. 

When  such  measures  are  most  successful  their  value  may  be  least  ap- 
preciated. "  If  the  expected  disease  does  not  appear,  the  warnings  are 
considered  to  have  been  a  false  alarm,  and  the  precautions  taken  to  have 
been  excessive.  The  friends  of  the  typhoid  fever  patient,  who  will  not  fail 
to  remember  and  be  grateful  for  the  care  and  assiduity  with  which  a  phy- 
sioan  may  have  treated  the  disease,  would  probably  have  thought  him  in- 
trusive and  troublesome  had  he  taken  one-half  the  same  trouble  to  see  that 
the  cause  of  the  fever  was  prevented." 

A  mah  seeks  the  advice  of  a  physician  because  he  knows,  or  thinks,  that 
he  is  sick.  The  community  will  do  the  same  under  like  circumstances;  but, 
how  can  it  be  expected  to  seek  hygienic  advice  so  long  as  it  knows  nothing 
of  there  being  any  necessity  for  it  ?  This  knowledge  can  only  be  obtained 
by  the  collection  and  collation  of  positive  data  as  to  the  amount  and  char- 
acter of  disease  prevailing.  Mortality  statistics  are  lacking  for  the 
greater  part  of  the  United  States,  and  where  they  are  furnished,  in  the 
majority  of  cases,  the  probabilities  of  error  are  so  great  as  to  render  them 
almost  valueless.  To  the  public,  such  statistics,  even  if  accurate,  give  little 
information,  since  the  fact  that  the  annual  mortality  of  a  city  is  30  per 
1,000  has  no  special  significance  to  the  majority  of  voters.  In  fact,  mor- 
tality statistics  must  be  taken  in  connection  with  birth-rates  and  move- 
ment of  population,  to  be  of  much  value.  In  the  absence  of  positive 
information,  the  tendency  is  that  each  man  who  does  pay  attention  to  the 
subject  feels  confident  of  the  truth  of  his  own  pet  theory,  and  advocates 
his  special  panacea  or  patent  with  assertions  instead  of  demonstrations, 
while,  as  one  after  the  other  of  the  schemes  is  tried  and  found  wanting, 
a  general  scepticism  is  developed  as  to  the  possibility  of  finding  a  remedy. 

'  See  also  the  aocount,  by  Dr.  Gottesheim,  of  the  resalts  of  deferring  the  good  in 
hope  of  the  better,  in  the  city  of  Basel,  in  Deutsche  Vrtljhrsohr.  f.  Ocffentl  Oesnnd- 
beitapflege,  1877,  IX,  p.  470. 
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In  the  majority  of  popular  works  on  hygiene,  the  subject  is  treated 
as  if  it  were  a  very  simple  matter,  and  general  rules  &re  laid  down  tod 
sweeping  deductions  established  from  entirely  insuffioieot  data. 

Just  as  many  people  suppose  that  diseases  can  be  treated  by  tbeir 
names,  and  that  the  study  of  medicine  consists  of  memorixing'  certain  for- 
muUe  for  the  cure  of  dyspepsia,  neuralgia,  pneumonia,  etc.,  so  it  is  thought 
that  if  a  man  can  talk  about  foul  and  poisonous  gases,  sewage^ooatami- 
nation,  disinfection,  and  Quarantine,  he  must  be  a  skilled  aanitarian. 

Imperfect  as  our  knowledge  of  the  causes  and  means  of  prevention  <rf 
disease  certainly  is,  it  is  still  far  in  advance  of  the  popular  practice,  beoanse 
the  means  of  prevention  cannot  usually  be  had  for  nothing^. 

The  mass  of  mankind  are  unwilling  to  sacrifice  present  comfort  or  en- 
jojrment  for  a  possible  future  good,  and  almost  all  the  dictates  of  sanitary 
science  call  for  labor  and  expense.  That  this  labor  often  soon  beocnnea  in 
itself  a  souroe  of  pleasure,  as  for  instance  in  the  preaerration  of  personal 
cleanliness,  and  that  the  expense  incurred  is  in  most  oases  the  best  pot- 
sible  investment  of  capital,  is  not  and  cannot  be  appreciated  by  the  masses 

One  of  the  best  illustrations  of  the  extent  to  which  ignorance  and 
carelessness  nullify  the  utility  of  advances  in  knowledge  of  methods  for 
the  prevention  of  disease  is  found  in  the  fact  that  smallpox  still-appeart 
as  a  local  epidemic,  and  sometimes  with  great  mortality.  If  anything  is 
known  in  preventive  medicine,  it  is  that  this  loathsome  disease  may  be 
easily  and  certainly  prevented  in  almost  every  case,  and  that  it  should 
never  appear  on  the  death  register;  yet,  to  obtain  such  an  uni\*ersal  and 
satisfactory  vaccination  and  revaccination  of  each  individual  as  will  give 
this  security,  there  is  necessary  the  decided  and  persistent  interference  of 
government  to  an  extent  which  has  not  yet  been  provided  in  this  country, 
except  in  a  few  limited  localities. 

The  possible  financial  results  of  this  carolossncss  are  shown  by  £>r.  Lee 
in  a  computation  of  the  cost  of  the  8mall-]>ox  in  IK71-*73  in  the  city  of 
Philadelphia,  which  he  makes  to  be  |i*-il,848,977.99,  while  the  cost  of  pre- 
venting it  is  figured  at  less  than  1800,000.00.  It  is  true  that  in  his  calcu- 
lations indirect  damages  figure  to  an  undue  extent,  and  that  in  his  esti- 
mate of  cost  of  prevention  he  provides  for  but  eighteen  months;  but  if  we 
take  the  jwcuniary  loss  at  ♦10,000,000  only,  the  annual  interest  on  which  at 
6  per  cent,  is  •500,000,  it  is  clear  that  an  annual  expenditure  of  $100,000 
for  the  purpose  of  preventing  small-jiox  only  would  have  been  a  very  good 
investment  for  Philadelphia.  The  question  of  cost  in  public  hygiene  is, 
however,  by  no  means  so  simple  a  matter  as  this  statement  would  seem  to 
make  it. 

The  burden  of  sanitary  improvements  must  rest  upon  property,  i.  e., 
"the  owners  of  property  are  to  provide  dwellings  fit  for  human  habita- 
tion, upon  sufficient  superficial  space,  with  a  due  supply  of  wholesome 
water  and  with  all  necessary  structural  means  of  preserving  health,  under 
penalty  for  non-fulfilment  of  obligation;  and  no  sale  or  tenure  of  property 
should  be  permitted  which  ignores  or  violates  this  principle."     (Rumsey.) 

But,  to  carry  out  proper  sanitary  plans,  either  in  a  house  or  in  a  city. 


INTRODUCTIOK.  9 

often  means  more  than  the  mere  expenditure  of  money — it  means  that 
something  must  be  g^ven  up,  some  luxury  or  comfort  dispensed  with. 
Had  the  house  or  city  been  properly  constructed  at  the  commencement, 
this  might  not  have  been  the  case ;  but  very  few  habitations,  and  no  cities, 
have  been  thus  planned.  With  regard  to  cities  it  is  almost  impossible 
that  they  should  be  so  planned,  since  to  effect  this  would  require  powers 
of  prediction  as  to  the  future  size,  commercial  and  manufacturing  relations, 
etc.,  of  the  municipality,  which  cannot  be  expected  in  the  founders. 

Many  of  the  cities  in  this  country  are  already  heavily  burdened  with 
debt,  for  they  are  less  likely  to  be  economical  than  individuals,  and  they 
have  spent  so  much  on  marble  fa9ades  and  architectural  adornments,  on 
civic  display,  unnecessary  officials,  and  jobs  of  various  kinds,  that  when 
the  sanitarian  comes  with  his  recommendations  for  new  drainage  and 
sewerage  works,  for  a  better  water-supply,  or  for  a  properly  constituted 
and  sufficiently  paid  board  of  health,  he  is  told  that  it  cannot  be  done 
because  the  city  cannot  afford  it,  and  upon  examination  he  may  find  that 
this  is  really  the  case. 

Henoe,  practical  sanitarians  should  keep  an  eye  not  only  on  their  own 
desiderata,  but  upon  all  the  objects  for  which  the  public  moneys  are  ex- 
pended, to  a  much  greater  extent  than  they  usually  do;  for  the  proper 
time  to  insist  that  the  city  needs  a  good  system  of  sewerage,  and  a  com- 
petent board  of  health,  more  than  it  does  a  new  city  hall,  is  before  the 
city  hall  is  authorized  and  ordered.  "  There  is  that  soattereth  and  yet 
increaseth,  and  there  is  that  withholdeth  more  than  is  meet,  but  it  tendeth 
to  poverty." 

It  is  a  very  important  part  of  the  business  of  a  sanitarian  to  know 
what  his  proposed  plans  will  cost  if  carried  out,  both  for  establishment 
and  maintenance,  and  the  question  of  expense  should. have  a  prominent 
place  in  his  reports  and  recommendations:  he  must  show  that  he  is  a 
practical  business  man  as  well  as  a  scientist. 

Since  it  is  quite  proper  to  distribute  the  cost  of  permanent  improve- 
ments over  a  term  of  years,  and  since  sanitary  improvements,  which  are 
really  such,  soon  pay  for  themselves,  not  only  in  money  saved,  but  in  labor 
spared  and  distress  avoided,  it  will  rarely  happen  that  the  plea  of  poverty 
and  indebtedness  can  be  admitted  as  a  sufficient  excuse  for  permitting 
well-recognized  unsanitary  conditions  to  remain;  yet  this  must  sometimes 
be  the  case,  and  then  appeal  must  be  made  to  the  State,  if  the  city  is  worth 
preserving.  There  are  some  cities  which  it  would  be  cheaper  to  either 
abandon,  or  burn  down  and  commence  afresh,  than  to  put  them  in  good 
hygienic  condition,  retaining  their  present  levels,  streets,  sewers,  and  so 
forth. 

The  relations  between  sociology  and  hygiene  are  extremely  intimate, 
a  fact  which  seems  not  sufficiently  appreciated  by  the  students  of  either 
subject. 

A  mode  of  life  whose  effects  shall  be  limited  to  the  individual  is  im- 
possible except  in  a  case  like  that  of  Robinson  Crusoe  before  his  man 
Friday  joined  him,  and  the  well-known  analogies  between  human  society 
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and  the  living  human  ho<\y  may  be  applied  here  in  many  ways.  As  Dr. 
Uoigcl  points  out — communitios  and  nations,  like  individuals,  have  their 
acute  and  chronic  diseases,  their  fevers  and  neuroses,  their  aflTeciions  of 
growth  and  of  decayi  of  infancy  and  of  manhood — and  so  each  race  or 
people.  State  or  city,  has  its  own  peculiarities,  its  constitutional  tenden- 
ciesj  which  must  be  taken  into  account  by  those  who  wish  to  preserve  or 
improve  it. 

The  cholera  belongs  to  the  delta  of  the  Ganges,  and  the  yellow  fever 
to  the  tropics  of  the  New  World.  The  conditions  which  develop  pestilen- 
tial fevers  in  one  race  soem  to  produce  dysentery  in  another.  One  city 
is  a  stronghold  of  typhoid  fover,  and  another  of  erysipelas.' 

In  the  United  States,  if  wo  blindly  follow  tlie  forniuhe  which  have 
been  found  niore  or  less  efficacious  in  England,  Fnince,  or  Germany,  the 
results  will  probably  disappoint  us ;  nor  can  the  saiiitar}*  legislation  of 
Massachusetts,  lUinoiH,  itnd  I^uisiana  be  fashioned  in  the  same  mould 
with  good,  or,  at  all  events,  with  the  beat  results. 

As  yet  u  large  part  of  the  foundation  for  a  seientifio  study  of  the  pub- 
lic health  of  the  United  States  is  wanting,  since  wc  do  nut  know  what  is 
the  state  of  this  public  health,  except  in  a  few  localities,  and,  oven  in  those^ 
very  imperfectly.  At  the  present  time  the  moat  ui^nt  need  of  sanitary 
science  in  this  country  is  an  uniform  system  of  registration  of  the  princi- 
pal diseases,  and  next  to  this — that  which  would  be  an  essential  part  of  it 
— a  similar  system  of  registration  of  births  and  deaths. 

^och  registration  is  required  for  two  very  different  purposes.  The 
first  is  to  obtain  prompt  information  of  the  beginning  of  the  operation  of 
causes  injuriously  alfecting  the  public  health,  and  to  this  end  scientific  ac- 
curacy and  completeness  must  be  to  some  extent  sacrificed  in  order  to  gain 
time.  The  second  is  to  obtain  reliable  information  as  to  how  much  disease 
thore  is,  what  are  its  causes,  and  what  is  the  value  of  various  methods  of 
destroying  those  causes.  This  second  purpose  is  largely  to  be  obtained 
by  careful  observation  of  the  imperfections  and  mistakes  which  will  occur 
in  trying  to  attain  the  first  purpose,  and  it  may  be  observed  that  if  all 
possible  causes  of  disease  could  he  promptly  discovered  and  removed, 
there  would  be  little  available  material  for  an  investigation  into  the 
nature  and  effects  of  those  causes. 

The  absence  of  the  information  which  such  registration  would  give  is 
one  of  the  greatest  obstacles  to  hygienic  progress,  for  it  is  due  to  this 
that  our  legislators  and  jwlitica!  economists  do  not  take  the  hygiene  of 
the  people  into  consideration,  except  in  a  few  special  cases. 

On  the  other  hand,  those  who  profess  to  have  made  a  study  of  hygiene 
are  too  often  ignurant  and  careless  of  the  first  principles  of  legislation, 
and  hence  propose  absurd  or  inadc<}ualo  means  for  c-arrying  out  their 
Hohemea  of  reform  and  improvementf  which  not  oixly  brings  themselves 

'  **  There  is  no  social  phenomenon  which  is  not  more  or  Iom  inf1aenc«d  by  evei^ 
otl]«r  part  of  the  condition  of  the  sam«*  sooietjr.  ...  It  follows  from  this  con- 
•ensuH  that,  unleM  iwn  micji^titw  nouUI  hn  alUcn  In  all  thd  irimntniitJUie^B  which  surmund 
and  ioflaenoe  them,  no  portion  of  their  phenomena  will  preoisely  oorreHpond."     (Uill^ 
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into  contempt,  but,  which  is  of  much  more  importance,  t^nds  to  discredit 
sanitary  science,  and  to  the  classification  of  all  its  votaries  as  impracti- 
cable, discontented  reformers,  or  as  loud-voiced,  unscrupulous  charlatans, 
who  wish  to  turn  the  social  edifice  upside  down,  because  their  own  natural 
place  is  so  near  the  bottom  of  it.  While  it  is  true  that  the  general  princi- 
ples of  hy^ene  are  few  and  comparatively  simple,  it  by  no  means  follows 
that  the  subject  is  an  easy  one  to  comprehend,  or  that,  because  a  man 
knows  that  pure  air,  water,  and  food  are  desirable,  he  is  therefore  able  to 
point  out  the  best  means  of  obtaining  them.  The  rules  of  addition  and 
subtraction  might  as  well  be  said  to  include  the  calculus. 

Of  late  years  it  is  beginning  to  be  understood  that  the  knowledge 
which  should  be  possessed  by  the  man  who  is  to  act  as  the  guardian  of 
the  public  health,  and  as  the  official  adviser,  in  sanitary  matters,  to  the 
legislative  and  executive  powers  of  a  state  or  municipality,  cannot  be 
comprehended  in  a  few  fixed  rules  or  short  popular  sentences — that  every 
medical  man  is  not  necessarily  a  skilled  sanitarian,  and  that,  therefore, 
differences  of  opinion  among  physicians  as  to  the  value  of  sanitary  mea- 
sures do  not  prove  conclusively  that  we  have  no  positive  information  on 
the  subject.  It  is  not  well  to  be  over-sanguine,  but  we  have  reason  to 
hope  that  the  time  is  at  hand  when  the  candidate  for  the  position  of  a 
health  official  will  be  required  to  show  that  he  has  received  a  special  and 
sufficient  education  to  fit  him  for  the  office.  Even  now  the  few  who  have 
obtained  such  an  education  find  no  lack  of  demand  for  their  services, 
although  it  is  true  that  the  compensation  offered  is  not  usually  adequate 
to  the  time,  labor,  and  money,  which  must  be  expended  in  acquiring  such 
special  knowledge. 

Among  architects,  engineers,  lawyers,  and  politicians,  a  feeling  is  very 
common  that  the  sanitarian  should  confine  himself  to  the  pointing  out  of 
the  evils  to  be  remedied ;  that  he  should  be  a  sort  of  inspector  of  nuisances, 
with  sufficient  knowledge  of  medicine  to  give  a  name  to  the  evil  results 
observed,  and  that  he  should  leave  to  them,  with  their  special  and  superior 
knowledge,  the  task  of  remedying  these  evils.  This  plan  has  been  very 
thoroughly  tried,  and  the  results  are  not  satisfactory — in  fact,  the  prev- 
alence of  this  idea  has  been  one  of  the  causes  of  the  slow  progress  of 
hygiene. 

A  lawyer,  an  engineer  and  a  physician,  each  fairly  skilled  in  his  pro- 
fession, and  associated  as  a  sanitary  board,  are  by  no  means  equivalent  to 
one  man  who  has  had  so  much  training  in  each  of  these  professions  as  to 
be  well  acquainted  with  that  part  of  each  which  has  a  bearing  on  hygiene. 

As  regards  so-called  practical  hygiene,  i.  e.,  the  prevention  of  disease, 
it  is  evident  that  we  may  try  to  attain  this  in  two  very  different  ways, 
since  we  may  either  attempt  to*  avoid  or  remove  the  causes  of  disease,  or 
to  make  the  body  less  susceptible  to  tho  action  of  these  causes.  The 
latter  method  has  received  very  little  scientific  study  of  late  years,  and  its 
literature  is  mainly  popular  and  an  echo  of  precepts  which  will  bo  found 
at  great  length  in  some  of  the  earliest  printed  works  on  medicine.  Con- 
sidering the  great  number  of  causes  of  disease,  and  the  impossibility  of 


shunning  tbem  all,  even  wUh  the  grcAtest  c&re — nay,  that  this  great 
if  exercised,  becomes  itself  a  cause  of  disease,  as  is  expressed  by  the  < 
proverb,  "Medici  vivere  est  iniwri  vtvere," — and,  on  the  other  hand|  r»- 
memboring  that  the, power  which  we  have  to  modify  plants  and  animals 
by  regimen  and  brrodin^  makes  it  probiible  that  the  human  body  might 
in  like  manner  be  improved  by  a  sort  of  hygienic  organoplasty,  to  use  the 
phrase  of  Koycr  CoUard/  it  might  at  first  sight  appear  strange  that  more 
attention  is  not  paid  to  this  branch  of  preventive  medicine. 

While,  however,  it  is  theoretically  possible  to  thus  improve  the  physical 
condition  of  the  Individual,  it  could  noi  be  done  without  an  amount  of  in- 
terference with  personal  freedom  which  would  probably  produue  evils  much 
greater  than  those  sought  to  bo  avoided,  since  to  be  effectual  it  would  he 
necessary  to  work  in  accordance  with  the  Ia\rs  of  natural  selection,  and 
preveut  the  reproduction  of  weak  and  unhealthy  persons. 

The  little  that  can  be  done  in  this  direction  must  be  effected  by 
parents  and  teachers ;  by  guiding  the  children  under  their  charge  into 
proper  mental  and  physical  habits;  and  what  those  habits  should  be  and 
how  this  guiding  can  be  best  effeuted,  is  one  of  the  most  important  prob- 
lems  in  education — in  fact,  it  is  the  problem. 

U  is  perhaps  just  as  well  that  few  persons  appreciate  the  difficulties 
and  responsibilities  of  meddling  with  the  child's  mental,  physical  or  spir- 
itual nature  and  of  trying  to  niuuld  these  according  tu  sonic  given  jiattem^  j 
for,  if  the  subject  were  fully  understood,  very  few  would  venture  to  do 
anything  at  all  lost  they  should  do  more  harm  than  good. 

With  this  brief  sketch  of  the  scope  and  utility  of  hygiene,  and  of  some 
of  the  obstacle's  to  lis  progress,  we  may  pass  tu  the  can  si  deration  and 
claasificatioa  of  its  subject-matter — namely,  the  causes  of  disease. 

II. — Causes  of  Diskasb. 


> 


The  ancient  classification  of  diseases  was  either  by  symptoms,  or  by 
the  parts  of  the  body  afTectu<l.  Following  this,  and  still  very  generally 
prevalent,  came  the  olassitication  by  tbo  results  produced,  i.  e.,  according 
to  pathological  anatomy. 

Neither  of  these  systems,  nor  the  nosologies  or  nomenclatures  founded 
Oft  them,  are  of  any  special  interest  or  utility  to  the  sanitarian;  what  he 
^dssires  is  a  classification  of  disease  by  causes,  ami  altltuugh  it  is  not  yet 
possible  to  furnish  this  completely  or  accurately,  yet  eiiougli  is  now  known 
of  the  etiology  of  disease  to  permit  of  a  division  of  its  causes  in  several 
different  ways,  each  presenting  special  advantages  and  disadvantages. 

For  instance,  the  causes  of  disease  may  be  divided  into  avoidable  and 
unavoidable,  the  former  being  classed  according  to  the  channels  through 
which  they  enter  or  affect  the  liody,  as  by  the  respiratory,  digestive,  cu- 
taneous, genito-urinary,  circulatory  and  nervous  systems,  corresponding 
roughly  to  the  subjects  of  air,  food,  water,  clothing,  etc. ;  while  the  latter 

'  Or^aDupIastie  b^gi^niqae,  ou  anal  d'hygidne  oompar6e.  Hem.  Acad.  Roy.  de  XML*  ■ 
1W3,  X..  p.  470. 
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would  include  heredity,  age,  sex,  and,  practically,  climate  and  oocupa- 
tion. 

A  second  useful  division  of  the  causes  of  disease  is  into  those  which 
affect  the  individual  chiefly,  and  which  are  to  be  ayoided  or  removed,  if 
at  all,  mainly  by  individual  eCEort,  thus  pertaining  especially  to  what  is 
known  as  personal  or  private  hygiene; — and  those  which  affect  classes  or 
communities,  and  require  combined  effort  for  their  extinction,  or,  in  other 
words,  belong  to  public  hygiene. 

Still  another  convenient  classification  for  our  purposes  is  into,  Ist^ 
hereditary;  2d,  physical  and  chemical;  3d,  .organized  or  vital;  4th,  mental 
or  emotional  causes. 

Of  these  the  first  class  belongs  largely  to  the  unavoidable  causes  of 
disease  and  to  personal  hygiene.  In  so  far  as  these  causes  affect,  or  are 
affected  by,  races, sufficient  data  do  not  yet  exist  for  their  discussion;  but 
it  is  worthy  of  note  that  no  country  in  the  world  affords  so  promising  a 
field  for  the  study  of  ethnological  health  characteristics  as  the  United 
States,  and  the  little  now  known  on  this  subject,  e.  //.,  the  superior  average 
longevity  of  the  Jew,  or  the  comparative  immunity  of  the  Negro  and  the 
Chinese  from  }ttllow  fever,  is  of  sufficient  interest  to  warrant  careful  in- 
vestigations in  this  direction.  In  so  far  &s  they  affect  individuals  they 
are  of  great  importance  to  the  legislator  and  jurist  in  relation  to  insanity, 
pauperism,  and  crime,  and  to  the  practitioner  of  medicine  a  knowledge 
of  them  is  essential  to  success  ;  but,  in  relation  to  practical  hygiene,  the 
little  we  have  to  say  about  them  will  be  in  connection  with  the  jurispru- 
dence of  hygiene — in  another  place. 

The  second  class,  i.  e.,  the  physical  and  chemical,  will  be  fully  dis- 
cussed in  the  special  sections  of  this  work. 

The  fourth  class,  including  the  mental  and  emotional  causes  of  disease, 
is  one  of  great  interest,  and  presents  some  of  the  most  difficult  problema 
with  which  either  the  physician,  the  sanitarian,  or  the  legislator  has  to 
deal;  but  in  this  connection  it  is  impossible  to  consider  them,  for  it  would 
require  a  discussion  of  the  whole  field  of  psychology  and  psychiatry. 

The  third  class  of  causes,  viz.,  those  which  are  known  or  supposed  to 
be  organized  or  vital  in  character,  is  the  most  important  of  all  in  public 
hygiene,  and  hence  we  shall  dwell  upon  it  a  little. 

Of  the  total  sickness  and  mortality  of  the  human  race,  a  very  large 
proportion  is  due  to  those  diseases  which  may  become  epidemic,  and  these 
are  of  peculiar  and  special  interest  to  the  sanitarian,  not  only  because  of 
their  frequency  and  the  magnitude  of  their  effects,  but  because  it  is 
believed  that  they  are  all  more  or  less  preventable,  and  because  such  pre* 
vention  requires  something  more  than  individual  action. 

With  regard  to  this  word  epidemic — as  well  as  to  nearly  all  the  terms 
used  in  attempts  to  classify  and  characterize  these  affections,  such  as  con- 
tagious, infective,  zymotic,  miasmatic,  etc. — there  is  more  or  less  confu- 
sion and  ambiguity,  and  each  new  writer  now  usually  thinks  it  necessary 
to  define  the  sense  in  which  he  proposes  to  use  them.  The  word  "epi- 
demic "  as  used  here,  means  general,  prevalent,  affecting  many  people  in 
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a  community,  and  as  applied  to  disoaac  it  simply  indicates  its  rclativ*' 
prevalence.  It  i^  nut  a  cause,  but  u  result;'  it  is  not  an  t^eeutial  cKarac- 
teristic  of  a  disease,  but  a  charactor  which  may  be  either  present  or 
absent.  An  epidei^ic  <tis<>a6e  may  or  may  not  be  K^inotio.  endemic,  or 
specitic.  There  ts  no  recognized  standard  as  to  what  degree  of  prevalence 
constitutes  an  epidemic,  nor  could  the  same  standard  be  applied  to  differ- 
ent diseases,  the  only  attempts  to  Bx  such  n  standard  known  to  the 
writer  being  those  of  Dr.  Buchanan,  who,  in  eomi>artng  the  concurreni 
prevalence  of  seven  infccti\'c  discuses,  takes  for  each  an  annual  mortality 
of  1.2  or  more,  as  entitling  the  disease  to  be  called  epidemi*-;*  and  of  Dr 
K.  F.  Michel,  who  states  that  boards  of  health  in  the  Southern  States, 
where  yellow  fever  is  prevalent,  are  accustomed  to  consider  this  disease 
epide.mic  when  l);p  deaths  from  it  exceed  the  deaths  from  all  other  dis- 
eases; and  after  prt>j)erly  objecting  to  this  rule  as  arbitrary  and  unscien- 
tific, proposes  "  to  reganl  a  disease  as  epidemic  which  has  become  ao 
prevalent  in  a  population  that  we  meet  examples  of  it  more  frequently 
than  we  meet  with  oases  of  any  other  one  form  of  disease."' 

The  rentark  of  Lacnnec,  that  many  diseases  not  regarded  as  subject  to 
the  influence  of  the  *'^conirfifu(ion  tnedicale"  are  much  i[iore  frequent  at 
certain  times  than  at  others,  will  probably  be  confirmed  by  the  experience 
of  almost  every  physician,  as,  for  instance,  in  relation  to  case!>  of  organic 
disease  of  tlie  brain,  iieart,  kidney,  or  liver,  of  nialignatit  gn>wths,  and 
even  of  special  forma  of  dislocations  or  fractures;  but  liow  far  this  may  Ijc 
due  to  etianoe,  or  to  the  reputation  of  the  practitioner,  wo  hare  no  data 
to  determine.  The  appearance  in  epidemic  form  of  such  diseases  as  lead- 
colic,  scurvy,  etc.,  is  now  rare,  btit  the  sanitarian  should  not  forget  the 
possibility  of  their  occurrence  ;  for  like  causes,  under  like  circumstances, 
will  produce  like  effects.  It  is  usual  for  lecturers  on  sani£ar\'  science  to 
claim  that  the  disappearance,  not  only  of  those  diseases,  but  of  such  affec- 
tions Bs  the  plague,  the  sweating  sickness,  and  leprosy,  is  due  to  the 
superior  knowledge  and  hygienic  conditions  of  modern  times;  but  the 
simple  truth  is  that  we  do  not  know  why  these  last  diseasi*s  have  disap- 
peared or  become  rare  in  Europe,  nor  have  we  any  scientific  grounds  for 
tliinking  that  tliey  may  not  again  prevail  in  an  epidemic  form  in  ci%'ilized 
countries — at  least,  unless  we  shall  succeed  in  obtaining  much  more  accu- 
rate knowledge  than  we  now  possess  as  to  the  conditions  whidi  led  to 
their  disapi^earance. 

The  most  important  forms  of  epidemic  diseases  in  thi»  connection  are 
those  which  are  supposed  to  he  due  to  8|H4cifio  causes,  usually  spoken  of 
as  poisons,  and  whitth  are  classed  by  German  writers  as  the  infective  (not 
infectious)  diseases.  In  many  of  these  disease**  the  cause  can  reproduce 
itself  without  limit,  presenting  thus  one  of  the  characteristics  of  a  living 
thing  or  organism:  and  in  a  few  of  them  this  living  organism  is  known, 

'LeTy:  Traits-  d'llygitne.  Dth  ed..  Paris.  18*W.  Vol.  H..  p.  HM 
•Tmn».  Bi>id«m.  8oc.  Load..  Vol.  III..  Part  II.,  ISTS,  \>.  405. 
*  Epidemic  of  yellow  fever  Ed  MontKomory.  AUl  ,  Traiu.  Hed.  Asa'n  State  of  Ala- 
bama. Twenty-s«voatb  iSeenioa,  1874,  p.  111. 
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Torming  tlio  clasii  of   parasitic  diseases.      Following  the  ubuaI  modern 
olaasitieatiou,  we  may  divide  the  infective  diseaseB  into: 

A.  Panisitiu  diaea^s. 

B.  ('ontagiuin  discuses*.  ' 

C.  Miasinatico-conta^uin  diseases. 

D.  Miusraatio  diitoaaea. 

That  the  causA  of  each  of  the  three  6rst  classes  is  specific  ia  inferred 
from  tht>  fact  that  the  dlsea^^o  transmitted  is  always  the  s&mo.  disoaae. 
Trichinjo  never  produce  hydatids;  the  bucilltis  aiithrai-i^  uommunicatea 
only  splenic  fever;  small-pox  never  changes  into  measles,  nor  cholera  into 
yellow  fever.  There  ib  no  satisfactory  evidence  that  any  of  these  causes 
ever  arise  s]>ontaneous]y;  in  ©very  case  the  pre*existenoe  of  the  8(>ecific 
poison  or  organism  is  necessary. 

In  the  majority  of  parasitic  diseases  we  can  rocof^nize  the  causal  orf^an- 
ism  apart  from  the  disease  which  it  produces,  but  this  is  not  the  case 
with  the  other  classes;  in  fact,  as  soon  as  we  learn  clearly  the  nature  and 
life-habits  of  an  organism  causing  disease  and  its  mode  of  propagation, 
whether  within  or  without  the  body,  we  consider  that  disease  aa  a  parasitic 
disease.  Very  pmhably  some  of  the  diseases  now  known  only  as  conta- 
gium  or  miasmatico-contagium  will  in  future  be  transferred  to  the  parasitic 
class,  and  this  probability  is  expressed  by  what  is  known  as  the  germ 
theory. 

To  understand  the  controversies  which  have  arisen  on  this  point,  cor- 
rect views  of  whieh  are  not  only  of  theoretical  interest,  but  of  very  great 
practical  importan'ce  to  the  sanitarian,  it  is  necesftary  to  know  something 
of  the  iionienclature  of  the  subject,  which  has  become  very  confused  and 
unsatisfactory,  since  the  words  bacteria,  microzymcs,  germs,  contagiiim, 
eta,  are  used  by  different  authors,  and  by  the  same  author,  at  different 
times,  in  different  senses,  and  to  this  is  due  much  of  the  disagreement 
which  exists. 

That  some  di3eas*»s  arc  due  to  the  entrance  of  living  organisms  into 
the  body  is  a  very  old  theory,  fir.<it  .sot  forth  with  some  attempt  at  precision 
after  the  discoveries  of  T^euwenhocck  were  published.  The  history  of  the 
various  speculations  based  on  this  theory,  and  on  that  of  fermentations,  is 
a  curious  and  interesting  one,  but  would  be  out  of  place  here;  and  it  need 
only  be  said  that  th»  Wews  now  held  by  the  majority  of  physicians 
date  only  from  tho  cholera  epidemics  of  1832  and  1840,  and  that  they  had 
no  scientific  precision  prior  to  the  well-known  researches  of  Pasteur  into 
the  processes  of  fermentation  and  putrefaction  and  the  minute  organisms 
oonnccted  with  thein. 

In  almost  all  fresh  water,  in  dead  and  det^omposing  organic  matter  under 
ordinary  conditions,  and  throughout  the  lower  strata  of  the  atmosphere, 
we  find,  upon  examination  with  the  highest  powers  of  the  microscope,  my- 
riads of  minute  bodies  which  have  the  power  of  self-propaga1  ion  when 
■applied  with  a  suitable  nutritive  material,  and  some  of  which  exhibit  mo* 
tions  in  certain  intHgcsof  development,  in  such  a  manner  that  wc  must  class 
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llM>m  a£  living  things.  For  these,  as  a  class,  wo  have  no  good  coraprehen- 
nive  tc-rm,  since  neither  aninialculi«?,  iiifusuria,  mierozyiiies,  mieroph^-tfis,  nor 
miurozoa  are  siifTiciently  comprehensive,  and  it  is  necessary  to  coin  some 
sucii  word  as  niicrodeines — little  living  bodies — to  express  what  is  meant. 
The  terra  bacteria  is  sometimes,  though  by  no  tueans  always,  used  in  this 
sense,  and  the  t«nn  microzyme,  as  used  by  Dr.  Burdou  Sanderson,  is  al- 
most exactly  equivalent  to  inicrodeiiies,  but,  as  used  by  its  originator, 
Bechamp^  it  has  u  much  more  specialized  meaning. 

Even  if  the  word  bacteria  be  used,  in  its  broadest  srnse,  as  equivalent 
to  the  French  phrase  "les  bacterie**,"  it  will  not  be  sufficient  to  expr«sa 
what  we  desire.  As  defined  by  modem  French  botanists,  the  bacteria  are 
coUs  not  containing  chlorophyll,  which  may  be  globular,  ovoid,  cylindrical 
or  spiral  in  form,  reproducing  by  fission,  isolated  or  in  groups.  This  in- 
cludes the  forms  formerly  supposed  to  be  distinct  genera  known  as  bac- 
terium, vibrio,  and  spirillum,  but  it  cannot,  without  a  violent  as.<tuniption, 
be  made  to  include  the  contagium  particles  of  vaccine,  or  many  other 
minute  forms  which  are  liable  to  appear.  The  word  niicrodeme  will,  there- 
fore, be  eraploywl  here  in  the  sense  of  a  minute  living  particle  or  organism, 
whether  it  be  animal  or  vegetable,  and  whether  it  be  capable  of  indepen- 
dent growth  and  reproduction  or  not. 

Mingled  with  the  microdemcs,  and  sometimes  only  to  be  distinguished 
from  them  with  groat  difSculty,  will  often  be  found  other  particles,  either 
inorganic  or  fragments  of  dead  and  disintegrating  organic  matter.  When 
it  is  rememb<Ted  that  these  particles  arc  often  so  niinute  as  to  be  only  Just 
within  the  limits  of  visibility  of  the  most  powerful  microscope,  and  that 
some  forms  are  probably  invisible  with  the  highest  powers,  the  liifficully 
alluded  to  will  be  better  appreciated.  .Morphologically,  in  fact,  we  have 
onlv  the  three  criteria  mentioned  by  Naegeli  as  characterizing  his  group 
of  the  Spiiltpilzt\  namely; 

1,  The  uniform  sjec  and  minuteness  of  the  granules. 

n.  Their  independent  motion,  in  estimating  which  great  care  must  be 
taken  to  distinguish  it  from  the  lirownian  movement  or  from  that  pro- 
Bcod  by  currents;  and 

III.  Signs  of  growth  and  reproductive  division  of  the  granules,  as 
^lown  by  their  being  found  in  pairs,  forming  dumb-bells  or  figures  of 

•ig^t,  etc. 

The   minutest    spherical   forms   of  these   miurodemcs  are   sometimes 
i  micrococcus,  while  the  rod-like  forms  are  what  English  and  Ameri- 
observers  usually  call  bacteria— a  word  which  it  is  better  to  avoid, 
.  it  probably  is  applied  properly  only  to  one  stage  of  development  of 
bUB  nuciodemc*!  which  stage  may  be  described  as  bacteroid.     All  of 
MWiodmnnrr  which  belong,  according  to  the  usual  classifications,  to 
■M.itlhlt  ^•'"pr^'^'"* — the  microphytes  properly  so-called — arc  claaaed 
^^m  lfc«  ftlgK*  and  the  fungi,  forming  the  "  schizomy cotes "  of    De 
^  ^  "•  Spallpi^'P "  of  Naegeli.     Billroth,  from  his  researches  upon 
^rv  fonw    concludes  that  they  all  belong  to  one  s|>ecies — the 
sptica — and  be  classes  them  roughly  by  size  and  form  into 
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Micrococcus  and  Microbactcria,  Mesococcits  and  Mcsnbarterta,  and  Meg-a- 
ooccus  and  Megabacteria,  which  is  essentially  the  plan  of  Hoffmann. 

The  work  of  Naegeli,  ''Die  nioderen  Pilze  in  liiren  Reziehungen  zu  (Jen 
Infectlonskrankhciten  und  der  Gesundheitspfleg-e,"  MUuchen,  1877,  Bvo, 
\s  porhaps  the  most  recent  systematic  work  upon  this  cla.ss  of  organtsuis 
considered  as  causes  of  disoaso  ;  but  the  reader  is  advised  to  preserve  a 
healthy  scepticiam  with  regard  to  many  of  its  statements,  and  some  of 
the  reasons  for  this  will  perhaps  appear  from  the  references  which  wo 
shall  have  occasion  to  make  to  it. 

The  microdemcs  are  spoken  of  by  many  ss  organisms  or  germs,  but 
these  tenns  are  usually  understood  to  imply  entirely  iridepcndent  life, 
and  as  being  inapplicable  to  such  living  things  as  a  blood-corpuscle  or  un 
epithelial  celL 

There  is,  at  present,  no  evidence  worthy  of  consideration  that  these 
microdcmes  are  ever  spontaneously  generated,  or  arise  from  any  source 
other  tlian  living  organisms,  which,  however,  may  assume  other  forms, 
and  bo  of  very  diverse  characters.  The  spores  of  some  of  the  aacigcrous 
fungi,  .as,  for  instance,  of  several  of  the  valaie,  and  also  the  spores  or 
apermatia  of  many  of  the  ooniomycetous  forms,  the  moving  granules  set 
free  in  certain  stages  of  reproduction  in  many  of  the  a\gse,  and  in  soin«.> 
motws  and  lichens,  and  certain  stages  of  development  of  some  of  the 
microzoa  or  ciliated  infusoria,  ail  come  under  the  head  of  inioro<letnes,  and 
can  scarcely  be  distinguished,  except  by  a  knowledge  of  their  origin  or 
by  tracing  their  development. 

Some  of  them  may  develop  into  larger  and  more  oamptox  forma,  but 
of  many  we  have  no  good  evidence  aa  to  any  special  change  beyond  that 
of  simple  multiplication  and  self-division  into  similar  bodies. 

In  particular,  there  is  no  satisfactory  proof  that  those  forms  connected 
with  the  process  of  putrefaction  ever  develop  into  higher  forms  of  fungi, 
although  this  is  by  no  means  to  be  considered  as  a  settled  question;  and 
there  are  some  good  authorities  who  believe  that  at  all  events  the  rovorso 
of  this  process  may  occur — that  is,  that  certain  hyphomyeetous  forms, 
such  as  aspergillus  or  penleitlium,  may,  under  certain  circumstances,  de- 
velop schizomycetous  forms  of  ferments. 

Neither  aspergillus  nor  penioillium,  however,  have  any  generic  value; 
they  are  simply  transition  forms  of  certain  ascigerous  or  other  more 
highly  differentiate!  fung^i,  and,  as  yet,  we  must  be  very  slow  to  accept 
any  statements  cither  alBrming  or  denying  their  transformations. 

Not  only  are  some  miorodemes  found  in  decomposing  organic  matter, 
but  they  usually  take  an  active  part  in  proiluclng  or  promoting  the  de- 
composition; and  since  organic  substances  vary  greatly  in  composition, 
while  the  products  of  their  decomposition  likewise  vary,  it  is  a  question 
whether  this  difference  in  result  depends  upon  the  original  composition  of 
the  matter,  or  upon  a  difference  in  the  microdemes,  producing  a  different 
mode  of  action.  Naegeli,  speaking  of  the  scliizomycctes  only,  thinks, 
with  Billroth,  that  there  is  but  one  species,  and  that  the  difference  in 
product  depends  on  the  composition  and  poouHarities  of  the  matter  to  be 
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docomposeH.  Cohn,  on  the  other  hand^  thinks  tliat  there  are  manr 
genera  and  species  of  thes6  schbsomycetes,  each  with  peculiar  jiowt-re  ; 
but,  even  if  this  be  Htlmitted,  it  is  uncertain  whether  a  given  species  de> 
veloping  in  two  very  different  substances  would  or  would  not  give  very 
different  results. 

The  weight  of  opinion  at  present  is  to  the  effect  that  there  are  many 
different  kinds  of  schizomycetes,  that  each  can  propagate  only  its  own 
kind  within  a  limited  period  of  lime  (excluding  thus  poEsible  changes  by 
evolution  an<l  natural  selection),  and  produce  only  certain  results. 

This,  however,  is  merely  an  opinion,  and  only  those  who  have  studied 
the  minute  fungi  sufficiently  to  gain  a  moderate  knowledge  of  the  diffi- 
culties which  their  many  transfonnations  involve  can  appreciate  the 
nature  of  the  evidence  which  would  bo  required  to  prove  its  truth  or 
falsity.' 

In  the  tost  few  sentences  we  have  been  speaking  of  the  microdemes 
as  if  they  were  all  minut«  fungi  or  scbizomyoctes.  This  is  the  usual  As- 
sumption of  writers  on  this  subject  with  regard  to  such  forms,  but  it  is 
not  only  unproved,  but  very  improbable.  Whether  the  bactcroiduJ  forms 
should  be  classed  with  animala,  as  Or.  Bunion  Sanderson  thinks,  or  with 
the  fungi,  as  Cohn,  Naegeli,  De  Hary,  and  other  botanists  propose,  is  a 
question  of  nomenclature  of  small  importance  in  the  present  connection  ; 
but,  to  assume  that  ail  microdemes  are  minute  fungi,  as  is  done  by  many 
of  those  who  call  them  gepms  or  organisms,  is  a  serious  error. 

The  remarks  made  above  as  to  the  use  of  the  word  "  organism  "  apply 
equally  to  the  word  germ.  The  so-called  germ  theory  of  disease  is  "that 
many  diseases  are  duo  to  the  presence  and  propagation  in  the  system  of 
minute  organisms  having  no  part  or  share  in  its  normal  economy." 

Here  the  wonls  germ  and  organism  are  used  in  the  ordinary  sense,  and 
if  the  word  "some"  bo  substituted  for  "many"  in  the  aliove  definition, 
there  are  probably  few  who  would  not  admit  tlio  truth  of  the  proposition. 

But  hy  many  writers  on  the  genn  theory  all  microdemes  arc  oqnsidered 
as  germs,  and  all  germs  as  liolongingto  the  minute  fungi,  neither  of  which 
propositions  c^n  bo  admitted. 

There  is  a  marked  tlifTerence  between  a  germ  which  originates  external 
to  the  body  and  a  germ  which  is  simply  a  particle  or  cell  forming  or  liaving 
fonned  a  part  of  the  body  itself,  and  this  distinction  should  he  marked 
in  language  as  it  is  in  fact.  In  order  to  illustrate  this  we  will  consider 
briefly  the  phenomena  of  two  diseases  in  which  tho^probability  of  their 
causation  by  germs  or  organisms  is  so  great  as  to  demunrl  the  careful 
attention  anii  full  comprehension  of  those  who  are  inlere.sted  in  their  pre- 
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)  Consult  in  thU  connection  Lm  Baet^ries:  Th&ao  dn  Conoonra  par  A.  Ma^in, 
Paris,  \H7^,  Hvo.  Id  this  will  be  found  a  vet7  clear  and  compendious  dcncriittinn  of 
the  Tarions  syBtema  of  oluaiflcation  which  have  been  propoKfd,  and  nt  the  end  is  a 
pood  bibliofrmphj.  Sof,  aliio,  "  I'nhnr  die  niorphn1o;?iAcho  Kinbrtit  d^r  Bimltpilia  und 
liber  Nftopili'B  Anfwwangntbooric,"  von  Prof.  P.  Cohn,  m  Dcutaobe  mod.  Wi-bn^ohr,, 
F«b.  I-*},  1K7Q,  in  which  the  rctmltfi  of  many  exjierimenta  are  sammcd  up  aa  beiug  oom- 
plcteJjr  Bilverae  to  the  atatcmeata  of  KacgelL 
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vention,  and  which  therefore  should,  provisionally  at  least,  be  classdl 
smonf^thc  parasitic  discasi^.  The  first  of  these  is  aplenio  fever,  the  Miiz- 
brand  of  the  German,  the  charbon  of  the  French,  better  known  in  this 
country  by  the  natue  of  one  of  itH  special  symptoms,  viz.,  maligriant  pus* 
tule. 

In  the  blood  and  fluids  of  animals  and  men  affected  with  this  disease 
are  found  peculiar  bactcroid  miorotlemes,  named  batiteridia  by  Davaine, 
the  presence  of  which  was  known  over  twenty  years  ago,  but  which  did 
not  acorn  to  explain  the  pcculiaritica  of  orij^iti  of  the  disease,  since  the 
contagious  properties  of  the  hlood  soon  disappeared,  althoug'h  the  cause 
of  the  disease  seemed  to  clin^  with  great  tenacity  tu  certain  limited  locali- 
ties, as,  for  instance,  to  a  particular  stable,  where  it  would  reappear  after 
intervals  of  several  3'ears. 

The  explanation  of  this  was  at  last  f^von  by  Koch,  and  his  experi- 
mental demonstration  is  a  model  fur  investigations  of  this  kind.  He  uulbt- 
vatc<l  the  suspected  organisms  in  fluids  apart  from  the  animal  body, 
observed  their  growth  and  development  into  threads,  and  the  formation 
of  certain  peculiar  bodies  or  spores  in  their  tl)rea<ls,  and  from  the  spores 
thus  developed  and  from  forms  obtained  from  them  he  produced  the 
speoiBc  disease  anew  in  a  living  animal.  It  was  found  that  the  bacteroidal 
forms  ohsert'ed  in  the  bhxxl  usually  died  in  a  few  days,  but  that  the 
spijres  retain  their  vitality  for  at  least  four  years,  which  explained  the 
peculiar  localized  persistence  of  the  oontagium  above  referred  to.  It  is 
especially  noteworthy  that  the  bacilltts  nnthraf^iA,  as  it  was  named  by 
Koch,  could  only  be  distinguished,  as  far  as  more  inspection  goes,  from 
another  species,  bnciihis  itubUlis,  by  the  fact  that  the  first  is  motionless, 
while  the  latter  moves.  Ur.  Ewart  finds  that  IJ.  anthracis  is  at  times, 
though  rarely,  a  mtiving  organism,  tlie  mobile  stage  appearing  at  irregu- 
lar intervals  and  under  circumstances  not  well  understoD<I.*  But  bacillus 
Bubtilis  is  a  very  common,  and.  so  far  as  is  known,  hannlcss  form,  and  the 
question-as  to  the  possible  or  probable  connection  between  the  two  is  one 
of  great  interest  from  sevond  points  of  view.  It  ia  very  difficult  to  ex- 
plain the  peculiarity  of  sudden  outbreaks  of  charlwn  in  cattle  over-fed, 
but  this  dilTiculty  would  be  greatly  lessoned  if  it  could  be  shown  that  the 
hannlcss,  active  bacillus  subtilis  might,  under  certain  circumstances  chang- 
ing the  composition  of  the  fluids  in  which  it  entered,  become  the  motion- 
lesa,  deadly  B.  anthracis. 

Closely  analogous  to  the  cause  of  charbon  appears  to  be  that  of  an 
infectious  disease  of  hogs,  known  as  the  hog-plague,  tyf»hoid  fever  of  the 
pig,  mal  rouge,  etc.  This  discovery  is  due  to  Ur.  E.  Klein,  who  names  the 
disease  "infectious  pneumo-cnteritis.*' *     Following  the  methods  of  Koch, 

■  See  Qusr  Joor.  Mio.  800.,  AprQ,  1878,  p.  161 ;  alao  Proa.  Roy.  Boc,  1S78,  Na 
188.  p.  4C4. 

*  Experimental  Contribution  to  the  Etiology  ef  Jafecttonn  DiaenBes.  Proc.  Roj. 
S«c.,  187f*,  No.  IS,'!,  p.  lOl,  and  Report  on  [nrBctioiis  Pnoumo-Knb^rifcifl  nf  tbn  Pig, 
Hept.  M«3.  Omo«r  Lo^fit  Govt.  Boani  for  1877,  Lond.,  1878.  8to,  p.  lOU.  The  methods 
oaed  in  Lluii  iuvcstigatioa  ihould  be  carofuU/  »tuduid. 
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Dr.  Klein  succeeded  in  cultivatiDg  in  flnids  outside  the  living  animal,  and 
In  observing  the  various  stages  of  dnvclopmont  of  ihe  microphyte  wbich 
has  the  power  of  cauBirig^  this  disease.  From  his  researches  it  seems  that 
this  microphyte  is  also  a  haoillus,  more  delicate  thau  B.  anthracis,  but 
which  has  a  moving  stage  like  \i.  subtilis,  and  produces  spores  and  fila- 
meuts  like  the  other  species. 

Like  charbon,  the  disease  can  bo  transmitted  to  mice  or  rabbits,  but 
with  more  difficulty.  There  are  marked  differences  between  the  two 
diseases  as  regards  period  of  incubation  and  the  pathological  anatomy, 
the  most  prominent  being  that  *'  in  anthrax  or  Rplcnic  fever  the  blotKl  of 
any  organ,  and  especially  the  spleen,  is  crowded  with  the  bacillus  an. 
thracis;  in  pneumo-cnteritls  we  have  been  unable  to  find  anything  analo- 
gous." As  yet  we  do  not  know  that  the  disease  can  be  communicated  to 
man.  It  is  highly  desirable  that  the  contagious  pleuro-pneumonia  of  cat* 
tie,  and  the  su-called  Spanish  or  Texas  cattle  fever,  should  be  investigated 
in  the  same  way;  and  there  arc  special  reasons  for  thinking  that  the  latter 
disease  may  bo  due  to  a  micropliytc  of  a  similar  character. 

In  relapsing  fever,  the  history  of  the  peculiar  organisms  found  in  the 
blood  has  been  carefully  worked  out  by  Dr.  Heydonreich  and  others,  and 
although  the  demonstration  is  by  no  means  as  conclusive  as  in  the  case 
of  splenic  fever,  since  the  spores  were  not  tnicnd,  yet  the  fact  that  the 
cause  of  the  disease  either  actually  is,  or  is  closely  associated  with,  the  or- 
ganism SpirochcBte  ObermeUri  of  Cohn,  seems  to  have  been  clearly  made 
out. 

The  spirilla  are  found  only  in  the  blood,  and  the  blood  only  is  infec- 
tive; they  disappear  in  the  stage  of  remission  and  reappear  before  the 
paroxysm,  which  may  thus  be  predicted;  and  the  blood  seems  to  be  in- 
fective during  the  paroxysm  only.  If  the  disease  is  due  to  the  spirochiete, 
it  evidently  has  a  stage  of  development  which  has  not  yet  been  traced.' 
In  both  splenic  and  relapsing  fever  the  microphyte  seems  to  have  s{>ccific 
properties,  but  the  most  expert  microscopist  cannot  distinguish  it  morpho- 
logically from  similar,  but  harmless  organisms,  and  it  is  only  by  the  tost 
of  inoculation  and  the  production  of  the  specific  disease  that  they  aro 
identified  und  given  specific  names. 

Vet  the  relations  of  the  one  disease  to  plethora  and  of  the  other  to 
famine  aro  such  that  we  must  hesitate  to  declare  their  parasites  true 
species,  even  in  the  Darwinian  sense;  and  the  facts  with  regard  to  septi- 
civmiti,  presently  to  be  referred  to,  point  still  more  strongly  to  the  conclu- 
sion that  a  micropftyte,  harmless  under  ordinary  circumstances,  may  under 
others  become  either  the  producer  or  carrier  of  a  deadly  poison. 

With  this  class  of  diseases  some  observers,  such  as  Oertcl,  Klebs,  and 
others,  would  rank  diphtheria.  The  most  precise  statements  on  this  point 
are  to  be  found  in  the  abstract  of  a  paper  by  J.  C.  thwart  and  G,  A,  M, 
Simpson,  presented  to  the  Untisb  Medical  Assni-iatJon  in  .\ugnst,  1878.* 

'  Coosalt  NobeR  on  th«  Sptrillam  F«T«r  of  Bombay,  1877,  b;  U.  V.  Cartot,  Ued. 
(.Tur.  Tninji..  1878.  LXI..  p.  373. 

'  Brit.  Med.  Joar..  Sept  7,  1878,  p.  307. 
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These  obscrvprs  claim  that  the  niicrophyteof  diphthoria  exists  in  thefonn 
of  cxcticdingly  minute  spores,  which  in  a  suitable  medium  will  germinate 
into  long,  exceedingly  fine  roda  or  bacilli,  the  life  history  being  much  the 
8&ro«aa  that  of  bacillus  arithntcis ;  and  it  is  claimed  that  whcQ  the  spores 
are  applied  to  a  raw  surface  they  rapidly  load  to  the  formation  of  a  diph- 
theritic membrane. 

On  the  other  hand,  the  rr^searchos  of  Drs,  E.  Curtis  and  T.  K.  Sat* 
terthwaite,  of  New  York,'  led  them  to  conclude  that  inoculation  of  diph- 
theritic membranes  on  rabbits  produce  no  effects  tJiat  are  not  ali^u  ob- 
tained by  inoculation  of  scrapings  from  the  human  tongue,  or  putresoent 
fluids. 

At  present  the  question  of  the  etiology  of  diphtheria,  must  be  con* 
sidi^rml  as  rub  jutUce^  with  enough  probability  in  favor  of  the  germ  theory 
to  warrant,  on  the  part  of  the  practical  sanitarian,  such  measures  of  pre- 
vention as  would  probably  be  must  efficacious  if  this  theory  were  cor- 
rect. 

With  the  phenomena  presented  by  the  diseases  which  are  ftccompanie<l, 
and  may  be  caused,  by  the  presence  of  microphytes  in  the  blood,  let  us 
compare  those  presented  by  the  variolous  group,  which  may  be  taken  as 
a  type  of  the  contagium  diseases.  Jt  is  now  believed  that  the  means  by 
which  these  are  propagated — their  "  contagium  " — consists  of  extremely 
minute  transparent  particles,  neither  aciliiblo  in  water  nor  in  watery 
liquids,  and  not  capable,  without  losing  its  properties,  of  assuming  the 
form  of  vapor*  In  vaccine  virus  the  power  to  transmit  the  specific  dis- 
ease is  lost  after  exposure  to  a  heat  of  about  140°  K,  but  it  is  not  injured 
by  iutcnso  culd.  The  minute  particles  con.*itituting  tlio  contagium  come 
under  our  definition  of  microdemes,  but  there  is  no  evidence  whatever  that 
they  can  multiply  or  in  any  way  reproduce  themselves  outside  the  living 
body,  or  that  they  can  be  classed  with  the  schizomycetes  or  other  fonns 
of  microphytes.  The  development  of  bactoroid  fonns  In  the  fluids  con- 
taining these  particles  is  coincident  with  a  diminution  or  destruction  of 
their  special  contagious  qualities. 

In  scarlatina  and  measles  the  contagium  has  not  been  isolated  as  in 
small-iKix,  but  it  is  believed  to  be  also  particulate  and  incapable  of  repro- 
duction outside  the  body,  and  this  constitutes  the  characteristic  of  the 
contagium  group  of  diseases.  To  this  group  is  especially  applicable  the 
bioplast  or  graft  theory,  which  is  as  follows: 

"Grtiwlh  is  a  molecular  change — a  particle  of  animal  matter  growing 
or  capable  of  growth  (bioplasm)  may  be  separated  from  its  oonnoctions 
and  continue  to  grow  elsewhere;  it  will  grow  normally  if  it  be  normal, 
abnormally  if  abnormal;  hence,  particles  of  diseased  bodies  may  carry  on, 
in  new  bodies  to  which  they  are  introduced,  the  disc'Ased  processes  which 


'  Beport  of  InTeatiKatioajs  Eatn  the  Pathogeny  of  Diphtheria,  made  to  the  Boanl  of 
Itinlth  of  Nftw  York.  N.  Y..  18T8.  8vo. 

*  itraidwDod  and  Vacbar  ;  Second  CootribaUoti  to  the  Life  Uistorj  of  Contagium, 
XxnutoD,  1871,  p.  1. 
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they  had  taken  part  in  previously."     (Brit,  and  For.  M,-Chir.  Rov.,  187-1, 
Ln.,a98.)' 

Another  mode  of  viewing  contoficium  is  that  of  Dr.  Dougall,  who  doex 
not  regard  contajfious  units  as  vitalized  entities,  but  simply  as  fra;*-nient,4 
of  dead  organic  matter  whose  elementary  particles  are  in  somo  occult  statu 
of  chemical  union  and  capable  of  imparting  tlicir  condition  to  other  bodies 
susceptible  of  the  same  change,'  which,  however,  aeema  to  be  merely  a 
verbal  (.Utttinctiun.  At  all  events,  as  Mr.  Hutchinson  remarks,  there  is  a 
strong  distinction  between  a  germ  which  can  be  got  only  without  the  body 
and  a  germ  in  the  ecnse  of  a  oell — a  part  of  the  peraon^s  orgnnism;  and 
if  the  word  germ  is  to  be  applio<l  to  the  cause  of  splenic  fever,  some  other 
tenn  should  be  used  for  that  of  Hiimll-pox.  A  pecidiarity  of  the  specific 
contagiuin  fevers  is  that  tbey  usually  affect  the  same  person  but  onco,  anil 
in  case  of  vaoeine  there  is  evidence  to  show  that  this  is  oonneoted  with 
the  presence  of  the  vaccine  cicatrix — since  in  cases  where  the  Hmb  con* 
tainirig  the  cicatrix  has  been  removed  tiie  person  has  again  beeuinc  sus- 
ceptible.' 

'  ''TKo  quantity  of  mattnr  Ui  whioh  any  molocmlar  change  or  group  of  nhnnges  is 
taking  place  may  dimiaish  to  a  very  nnRll  antoaot  without  the  cootinait^  of  actiuo 
being  broken.  A  conflagration  may  diminuih  to  a  spark,  and  yet  sjireod  ag&hi  to  as 
great  na  «xlont  as  before.  A  Hpecica  mijjht  diinuiiah  to  one  or  two  indiftduab  with- 
out becoming  oxtiact ;  and,  at  thn  point  at  whioh  new  individnaln  commenoo,  the 
molecular  ootionn  ore  often  confined  to  a  minuto  quouttty  of  mbstnQce 

*''  The  material  cnuHn  of  ntvty  coinmuuica^lu  diseoAe  reneinbles  a  upeolcB  of  living 
bdtng  in  IhiA,  that  both  one  and  the  other  d«[>eDd  on,  and  in  fncb  comtiat  of.  a  seriea 
of  coDtinuous  molecular  ohsngiu  oooarriug  iu  Buitable  mat«riala.  Tho  orgauixod  mat' 
ter.  as  we  most  presnnie  it  ti>  be,  whioh  induces  the  nymiitoma  of  a  oommunicated 
dtsesae.  axoept  In  the  caso  of  the  entozoa.  can  hardly  over  be  separately  diatinguiabed, 
like  the  individnal«  of  a  species  of  plant  or  Bnima] ;  but  wc  know  that  this  organised 
matter  pcMsOAies  ono  greotcharacteristio  of  plants  and  lUiiiuaU— that  of  increasing  and 
maltf plying  its  own  kind.'  In  the  instanoun  at  syphilid,  muull-pox,  and  vaouiuia,  we 
have  pbysiool  proof  of  this  iacrcooe,  aud  in  other  diaoows  the  evidence  is  not  less  oon- 
cluBive. 

"  The  molecular  changen  taking  place  in  the  materies  morbi  of  some  diMooet  resem- 
ble the  chnriges  in  many  living  beings  in  another  reniHsct  alito;  they  permit  of  being 
■upended  under  oertain  cirooinAtanoei,  and  teeoiumouce  at  tho  poiuc  at  which  they 
ceased.  Thas,  the  matter  of  variola  and  of  vaccinia  can  be  ciUTie<l,  in  the  dry  atato, 
to  distant  parts  of  the  world  without  injury,  like  tUe  aeeda  of  a  plant." 

</*rof7i  CoDthiuous  Molecular  Changes,  etc.,  bj' John  Saow,  eCo.^  Loadon,  1S58, 
pp.  0  and  14.) 

•  Brit.  Med.  Jour.  April  34.  1875.  p.  .W8. 

"  The  following  cone  is  reported  to  me  by  Dr.  Bobert  Fletcher.  late  surgeon  U.  8l 
Yols.,  who  pereonolly  obsorvod  the  facts,  and  whose  statement  Is  aboolutely  to  be 
railed  on, 

"  During  the  late  war.  a  soldier  was  admitted  into  one  of  the  hospitals  in  KaidiviUe, 
for  a  gunshot  wound  of  tho  tibia.  The  vaccine  oloatrix  was  very  noticeable  abovaj 
the  ankle,  where,  r/utre  Germanorum,  tho  operation  bad  been  performed.  Tho  leg  i 
amputated,  and  while  oouvoleaoeut  the  man  was  attacked  with  amall-pox  and  neat  I 
the  hospital,  where  tho  disease  manifested  itself  in  the  usual  munnor,  and  the  potiont 
died." 
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The  ancient  belief  that  neither  coutaf^ion,  filth,  nor  motcorolojfical  con- 
ditions, wliethcr  tukeu  singly  or  together,  will  accoufit  fur  the  great  dif- 
ferences observed  in  the  origin  and  progress  o(  cpidemiu  diseases,  and  that 
some  unknown  cause,  suob  a»  indicated  by  the  phrase  *'  Epidemic  Constitu- 
tion,** must  be  assumed  in  enter  to  account  for  all  the  phenomena,  is  still 
held  by  some  writers.  Thus  Dr.  Itaiisonie,  from  a  study  of  the  statistics 
of  diacAse  in  four  largo  towns  in  England,  concludes  that  sucii  an  epidemic 
in6ueuce  is  the  only  means  of  accounting  for  the  oon-espondence  observed 
between  the  curves  of  differont  epidemics  at  these  points,'  and  Dr.  Lawson 
has  more  recently  rcaftirrned  the  same  opinion,"  which  corresponds  to  his 
thp'ory  of  pandemic  waves  connected  with  variations  in  the  earth's  magnet- 
ism. Tor  in.stanco,  in  the  epidemic  of  small-pox  o(  18G&-'73,  which  spread 
over  the  world,  there  was  a  special  malignancy,  as  sliown  by  its  spread  in 
places  where  usually  it  is  confined  to  a  few,  and  by  the  unusual  number 
of  bfcraorrhagic  and  fatal  cases,  which  seems  very  dilliculc  tu  account  fur 
by  a  simple  contagion. 

]tut,  on  taking  into  account  the  accumulatioti  of  susceptible  or  epinosic 
indivitluiUs  in  the  intervals  of  epidemics,  and  the  rapid  liiuroase  of  the 
probability  of  epidemie  invasion  with  increase  of  the  epinosic  element,  the 
ratio  being  p=2x,  where  p  is  the  prohabilily  and  x  ihe  number  of  cpinosio 
individuals,*  it  is  evident  that  the  wave  phenomena  of  such  di.sea.scs  may 
be  to  a  great  extent  thus  accounted  fur,  while  tlie  stu<ly  of  the  special 
epidemic  just  referred  to,  made  by  Or.  Leon  Colin,  makes  it  probable  that 
the  special  virulence  was  acquired  in  Urittany  in  18G0,  much  in  the  same 
vray  as  septio  poison  may  bo  developed,  as  will  be  presently  explained,  so 
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•  Brit  Med.  Joar,  t8fl3.  IL,  380. 

» Ibid..  1874.  I.,  4Sa. 

■  De  Cbnumoat :  Lectore*  on  State  Medicine.  Londnn,  187S.  p.  173.  The  mode  of 
calculation  employed  by  Dr.  Farr  in  dot^rminitiff  the  t;iato  of  epidomic  projn^snon  fa 
tbu«  deHcritied  hy  Dr.  £vatu.  ''Take  nine  weeka  of  the  early  caume  of  the  epidemic 
in  throe  groapa  of  three  wcokn  each  ;  tlad  the  average  deaths  per  week  in  eaoh  g^oup ; 
find  the  norobfv  by  which  yon  must  mnlUpIy  the  first  average  to  obcain  the  eocond. 
aoi]  the  numhera  by  which  you  munt  multiply  the  •Mond  aT«*ni(*e  to  obtain  tho  third; 
or,  as  a  simpler  proouu.  take  the  difference  between  tho  lognritbmn  nf  tbc  fLrsb  and 
MQOod  averajtra.  and  between  the  logaritlimn  of  the  second  and  third.  The  firat  of 
tbeae  diffvrcnocs  may  be  called  S'.  and  tbe  difT^renc-e  \>etw«en  thene  ttrn  differences, 
which  shuald,  to  bear  ont  this  theory.  b«  a  ncgntivo  quantity,  may  bo  ctUlod  S'.  We 
have  now  the  ilala  for  constructing  the  aeriea.  Tho  aremRO  of  the  first  three  weeks  is 
the  star '.in^- point  and  represents  the  nentnt  week  of  those  threo.  The  urtxt  number 
In  the  Mriei  is  obtained  by  adding  to  the  logarithm  of  our  first  nnmher,  a  number 

OOtniKMwd  <*'  'a-"Q'  rememberiui;  that  S*  is  a  uegaUve  quantity;  we  continue  to  add 

to  the  lofpirithm  for  each  place  in  tbe  aeries  a  number  gradually  diminished  by  the 

addition  in  each  place  of  — ;  after  a  time  the  number  to  be  added  beoomea  a  ttogattve, 

and  th«  seriea  gnidaally  diminishes. 

TbiA  method  of  calculation  con  only  produce  a  satisfactory  result  when  aa  epi* 
demic  ia  IncressiDp  with  a  gradually  decreasing  ratio  of  inoreoae.  Practitioner,  Vol, 
XIV.,  London.  ls>7u,  pp.  808-0. 
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that  ihoro  is  no  necessity  of  assuming  an  "  Kpidcmic  Constitution"  to  ox- 
plain  such  phenomena.  In  tliosc  diseases  to  which  the  germ  theory  is 
more  properly  applicable,  such  as  cholera,  or  yellow  fever,  it  ia  possiblfl 
that  the  polyinorphisMi  ot  the  gorm  may  explain  some  of  the  diSerenctts 
obuerved  in  the  epideinicity  of  such  affoctions. 

From  the  parasitic  blood  diseases  as  typified  by  splenic  fever,  &nd  the 
contagium  diseases  as  tyjiified  by  scarl&tina,  we  may  pass  to  an  inter- 
mediate group  in  which  the  disease  seems  due  to  a  poison  produced  by 
microphytes,  but  in  which  the  production  does  not  occur,  or  at  least  doe*^ 
not  usually  occur,  within  the  body.  Of  these  there  are  two  forma.  The 
first  is  of  great  importance,  tn  part  because  it  occurs  everywhere  and  at 
all  times,  constituting  an  ever-present  danger,  especially  in  surgical  and 
puerperal  cases;  in  part  l>e<:ause  we  now  have  good  reason  to  belie\*o 
that  it  can  be  prevented  in  the  great  majority  of  instances.  This  ii 
scpttcirmia.  The  use  of  the  terms  septic  poison,  septic  bacteria,  septtc 
infusoria,  etc.,  is  somewhat  confusing  as  found  in  modern  literature. 
Sfiptic  by  many  writers  is  nsed  to  mean  belonging  to, or  connected  with, 
putrefaction,  and  by  septic  bacteria  are  meant  those  microdcmes  which 
are  found  in  putrefying  fluids.  Such  microdcmes  may  or  may  not  be 
('aj>able  of  causing  the  fever  and  embolic  phenomena  characteristic  of 
8eptic:i?mia.'  It  cannot  be  too  clearly  understood  that  there  are  many 
kinds  of  microdcmes,  that  a  bacterium  is  simply  one  form  of  many  micro* 
domes,  and  that  to  assert  that  a  disease  is  due  to  bacteria  is  to  assort  only 
that  the  disease  is  due  to  some  kind  of  mic-rodeme  at  that  stage  of  its 
development  wlien  it  is  a  rod.  The  words  bacterium  and  bacteria  should 
be  abandoned  to  popular  literature.  As  rapidly  as  we  are  able  to  find 
distinguishing  characteristics  for  classes  in  those  minute  bodies,  let  thcin 
be  labelled  with  distinctive  names,  but  let  it  not  he  supposed  that  the 
name  of  bacteria  implies  any  identification  or  classification.  For  instance, 
if  one  says  that  bacteria  arc  the  sole  causes  of  putrefaction,  1  muat 
deny  it,  for  1  have  seen  putrefaction  in  the  absence  of  bacteria,  but 
1  have  never  aeon  it  In  the  absence  of  microdetiies.  Septicjumia,  as  de- 
fined by  Ur.  IJurdon  Sanderson,  is  "a  constitutional  disorder  of  limited 
duration^  produced  by  the  entrance  into  tho  bloodstream  of  a  certain 
quantity  of  septic  material."  Tins  septic  poison  may  be  8eparat«d  from 
putrefying  material  by  chemical  processes,  and  obtained  in  the  form  of  a 
tninsparent  fluid.  This  iluid  contain.*^  no  germs  in  the  sense  that  a  germ 
is  that  which  produces  an  organism,  but  it  does  contain  a  specific,  virulent 
something  which  can  be  separated  from  it  by  a  porcelain  filter,  and  which 
does  not  multiply  and  reproduce  itself.  The  sepsin  is  not  then  tho  cause, 
but  the  result,  of  putrefaction,  and  when  introduced  into  the  living  body 


'  Bj  8omo  writere.  lui,  lor  inatance.  Dr.  Southey  flecturo  on  ITygiene,  Lancet,  Not. 
2^,  ItJtO),  the  t»^rin  rymotio  in  limited  to  thono  diseases  which,  as  n  mlo,  nfTcct  tho 
wkmfl  penton  but  onotj,  while  ttiovo  which  do  not  confer  ituch  immunitjr  are  tormcd 
Mpilu.  Thii.  however,  would  make  cholora  aad  ague  scptio  disea«es,  which  is  not  in 
acxxirdance  with  the  usual  use  of  Uiot  word. 


INTUODUCnoN. 


25 


I 

I 

I 


its  effects  are  in  proportion  to  the  quantity  introduced,  like  those  of  a 
chemical  poison. 

To  produce  this  peculiar  poison  within  the  organism  itself — to  ensure 
that  there  shall  he  constant  ad<litions  of  it  to  the  blood-stream — it  seems 
hig^hly  probable  that  the  action  of  microphytes  is  always  necessary,  and 
hence  septicHfiiiia  may  be  in  one  sensu  said  to  bo  always  due  to  uiicru- 
phytes,  which  lost  may  produce  the  specilio  poisou  either  within  or  with- 
out the  body. 

It  is  not,  however,  true,  that  all  the  microphytes  which  seem  to  havt^ 
the  power  of  producing'  putrefaction  can  do  so  in  the  living  body,  or 
rather  in  contact  with  living  tissues  ;  nor  does  it  follow  by  any  means 
that  when  a  portion  of  the  living  body  dies  and  putrefies  septic  products 
always  pass  into  the  blood-stream.  In  the  intestinal  canal,  and  in  the  air- 
passages,  there  are  at  all  times  multitudes  of  microdomes,  sonit'  ot  which 
bare  the  power  of  causing  putrefaction  under  favorable  circumstances, 
but  which  do  not  do  so  in  us  in  health.  Iii  order  that  the  microdeme 
may  become  the  starting-point  of  the  septic  or  pytiemie  process  in  the 
living  organism,  it  sconis  necessary  that  it  shall  have  been  derived  from, 
or  come  in  contact  with,  some  spccilic  source  of  contagion,  or  else — but 
such  cases  are  certainly  the  minority — that  the  condition  of  some  part  of 
the  living  l>ody  shall  have  been  so  far  changed  from  its  normal  vitality 
that  the  microdeme  can  flourish  in  tt  as  in  dead  organic  matter.  In  either 
case,  in  addition  to  the  growth  of  microphytes  and  the  production  of  their 
s{X!cifie  products,  it  is  necessary  to  the  production  of  the  septic  phenomena 
that  the  condition  of  tho  tissues  and  vessels  shall  be  such  as  to  permit  the 
entrance  of  the  septic  praison  into  the  blood. 

Hence,  two  methods  of  prevention  of  blood-poisoning  after  surgical 
operations  have  given  good  results,  the  first  being  the  well-known  method 
of  Lister,  with  its  many  mudiBcations,  which  alms  at  totally  preventing 
the  contact  of  Irving  microphytes  with  the  injured  surface;  tlto  second, 
being  the  air-dressing,  which  aims  at  the  freest  possible  exposure,  in  order 
that  the  dead  and  septic  matters  may  easily  and  rapi<lly  escape.  So  long 
I  only  the  ordinary  miorodemos  of  all  air  and  water  arc  present,  the  dif- 

once  between  the  results  obtained  by  these  apparently  opposite  methods 
IS  not  great;  but  so  soon  as  the  element  of  spHcific  contagiiim  conies  in, 
the  only  ho|>e  of  safety  lies  in  the  absolute  exclusion.  Dr.  Sanderson  has 
also  shown  that  while  the  property  of  producing  the  septic  poison  is  not 
possessed  by  the  ordinary  bacteroid  forms,  or  at  least  not  to  a  marked  de- 
gree, it  may  onsily  be  developed  in  great  potency  by  the  injection  of  fluids 
containing  ihestj  forms  into  the  peritoneal  cavity  of  the  guinea-pig,  n^in- 
jecting  the  effused  fluids  thus  protluced  into  a  second  animal,  and  so  on, 
each  successive  produulion  of  fluid  increasing  in  its  power  o(  ]>roducing 
rapid  septic  poisoning.  The  analogy  between  this  and  tho  developmont 
cf  special  malignancy  in  the  contagmm  diseases  has  been  already  alluded 
to,  and  it  is  possible  that  a  similar  relation  may  exist  between  bacillus 
subtilis  and  b.  anthracis. 

We  have  next  briefly  to  refer  to  those  forms  of  disease  classed  as  mias- 
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nmtic,  in  which  the  poison  is  developed  outside  the  body.  Taking'  the 
iniilarial  fevers  as  a  typ<*,  it  may  be  said  that  the  prevailiuj^  opinion  is  that 
they  are  duo  to  a  specific  poison  usually  produced  in  decaying  vcj^etable 
inatterii.  The  latest  announcomuiit  of  the  discovery  of  the  mieruphyto 
causing  this  disease  is  made  by  A.  F.  Eklund.  Surgeon  of  the  I^yal 
Svpedifth  Marine,  wlio  claiinis  to  have  diseovercd  iu  the  blood  and  urine  of 
those  thus  affected  a  pcruliar  organism  known  as  tlie  F.yninophysalis  hya- 
lina.'  This  requires  conhrmatioti  very  much.  The  most  iuiportaut  fact  to 
the  practical  nuuitarian,  iti  regard  to  this  class  of  diseases,  is  their  usual, 
tliough  not  invariable,  connection  with  S4.iii  moisture,  and  the  fact 
thorough  drainage  is  n  powerful  moans  of  preventing  thoa. 

The  last  class  of  diseases  is  that  called  the  miasmatic  contagious, 
which  it  is  8uppose<I  that  the  .jpccitic  cause  of  the  disease  tlocs  not  mul- 
tiply as  such  in  the  body,  hut  cuinos  from  without,  having  been  developed 
ill  a  peculiar  way.  Of  this  class  cholera  and  yellow  fever  may  be  taken  as 
typos. 

Nacgcli,  assuming  that  such  diseases  ore  duo  to  raicroph^'tes,  indi- 
cates two  jiossihle  explanations:  1.  The  microphyte  from  the  sick  {person 
must,  before  it  can  produce  the  disease,  pass  a  special  stage  of  develop- 
ment in  an  abnormal  substratum.  This  he  calls  the  niotiublastie  theory. 
a.  The  abnormal  substratum  produces  a  miasm,  without  which  the  nncro- 
j»hytc  jvroduces  nit  specihc  effciTts,  whtiih  is  the  diblastic  theory.  As  he 
considers  all  contagion  to  bo  due  to  schizornycetes  or  iSjjaltpUze,  and  docs 
not  admit  that  there  are  many  kinds  of  these  organisms,  he  la  foroed  to 
accept  the  diblastic  theory,  and  supposes  that  the  contagium  of  small'pox 
is  a  compound  nf  a  mii-ropliyto  with  peculiar  products  of  decomposition 
{IxrankhtiitHStoff)^  whicli  simply  removes  the  difficulty  one  step.  This 
corresponds  to  Fcttenkoffer*8  formula,  that  if  x  =  the  germ,  y  —  the  sub- 
stratum, and  z  =  the  specific  poison,  then  x  +  y  =  z;  but  Pettonkoffer  does 
not  affirm  that  there  is  but  one  kind  of  germ.  With  rr'gurd  to  the  mono* 
blostio  ttieory,  there  seems  no  necessity  for  assuming  that  the  external 
substratum  of  development  must  be  abnormal  or  peculiar.  If  the  [>ara- 
site  has  two  or  more  stages  of  development,  analogous  to  the  metamor- 
phosis of  a  mosquito  or  of  the  lilaria  sanguinis — if  in  stage  x  it  only 
flourishes  in  the  living  bodv,  and  in  stage  y  only  in  dead  organic  matter — 
and  if  it  ia  only  in  sta*^  y  that  it  is  reproductive  or  communicable,  there 
seems  nothing  impossible  in  the  theory.  The  analogy  to  the  known  para- 
sitic iliscascs  is  closo; — since  these  also,  as  pointed  out  by  ])r.  Manson,  may 
l>o  divided  into  those  which  are  directly  contagious,  such  as  scabies,  and 
those  indirectly  contagious,  such  as  hydatids  or  filaria;  and  the  phenomena 
of  the  indirectly  contagious  diseases  are  that  they  are  endemio  in  certain  lo- 
calities, thoy  moy  bo  importeil  into  otlier  localities,  they  disappear  with  the 
medium  of  development,  ftri>  not  infectious,  inoculable,  nor  hereditary,  but 
are  fouml  to  prevail  in  certain  families.*     AVhatovcr  explanation,  if  any. 
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*  Arch.  (le   m^    naTolo,  Jaly,  1$78. 

*  P.  Moiuon  oa  Filaria  DImom  :  China  Custonu  Uitd.  Reports,  S«pt.  30,  1  S7d,  p.  IS. 
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be  acceptable,  the  question  ii»  to  whctlu^r  an  external  substratum  of  de- 
composing organic  matter  is  neccsaar^v  lo  tlie  spread  of  a  disease,  is  one  of 
(he  greatest  interest  and  importanca  to  the  sanitarian.  Where  no  sucli 
itubstratuin  is  necessary,  as  For  iufitaiice,  in  scarlatina,  tlio  only  resource  in 
his  power  to  check  the  spread  of  tho  disease  is  the  isolation  of  those 
affected  by  it  and  the  disinfection  of  tlieir  pemons,  clothing',  bedding-,  etc. 
His  object  is  to  destroy  or  prevent  the  reproductioD  of  the  specific  micro- 
denies  or  their  specific  products,  and,  in  the  present  state  of  therapeutical 
knowledge,  this  can  only  be  done  at  the  time  when  they  are  external  to 
the  living  body,  that  is  to  say^  at  the  very  time  when  be  has  no  means  of 
recognizing  their  presence. 

Hut  if  thoy  must  pass  a  stage  of  development  in  some  external  sub- 
strutitm,  then,  if  he  can  either  secure  the  absence  of  that  substratum  or 
Bake  it  unfit  to  pi-omote  the  developmeat  of  the  microdcmes,  he  can  check 
9te  spread  of  the  disease. 

The  nature  of  the  most  usual  substratum  is  indicated  in  the  conclusion 
of  Dr.  Curtis,  that  *^^  loralized Jilth  uccomjfHtnird  idth  ntoUtitrc  constitutes 
t/ie  ffrMt  source  of  cxcrsxive  diwxtac.  unU  ilftiihy  ^  The  italicit  are  in  the 
original  The  same  fact  was  strongly  insisted  on  by  Mr.  Simon  in  his  re- 
jiort  on  "Filth  Diseases  and  their  Prevention,"  presented  to  the  Local 
Government  Board  in  1874,  in  which  he  so  clearly  and  concisely  sums  up 
the  existing  knowledge  on  this  subject,  that,  although  the  following  extract 
is  rather  long,  no  apology  seems  necessary  for  inserting  it. 

**7.  An  important  suggestion  of  modem  soienoe  with  regard  to  the 
nature  of  the  operations  by  which  filth,  attacking  the  human  hody,  is  able 
to  disrirder  or  destroy  it,  is:  that  the  chief  raorbitic  agencies  in  filth 
are  other  than  those  chemically  identified  stinking  gaseous  products  of 
organic  decomposition  which  force  themselves  on  popular  attention.  Ex- 
posure to  the  suiBciently  concentrated  fumes  of  organic  dccuui position 
(as,  for  iitstance,  in  an  unventilated  old  cesspool  or  long-blockod  sewer) 
may,  no  doubt,  prove  immediately  fatal  by  reason  of  some  large  quantity 
of  sulphide  of  ammonium,  or  other  like  poisonous  and  f<i!tid  gas,  which 
the  sufferer  suddenly  inhales;  and  far  smaller  doses  of  these  fretid  gases, 
as  breathed  with  extreme  dilution  in  ortlinary  stinking  atmospheres,  both 
give  immediate  headache  and  general  discomfort  to  sensitive  persons 
temporarily  exposed  to  them,  and  also  appear  to  keep  in  a  somewhat 
vaguely  depressed  state  of  health  many  who  habitually  breathe  them;  but 
here,  so  far  as  we  yet  know,  is  the  end  of  the  potency  of  those  stinking 
gases.  While,  however,  thus  far  there  is  only  the  familiar  ease  of  tho 
ao-ealled  common  c/unnical  poison^  which  hurts  by  instant  action,  and  in 
direct  proportion  lo  its  palpable  and  ponderable  dose,  the  other  and  far 
wider  possibilities  of  mischief  which  we  recognize  in  fUtb  are  such  as 
apparently  must  be  attributed  to  morbific  Jermeuts  or  contayia  ;  matters 
which  not  only  arc  not  gaseous,  but,  on  tho  contrary,  so  far  as  wo  know 
them,  seem  to  have  their  essence,  or  an  inseparable  part  of  it,  iu  certain 
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solid  cIcmenU  which  the  microscope  discovers  in  th^m;  in  living' Di^an- 
isms,  namely,  which  in  their  largest  sizes  Arc  but  very  minute  microscopt* 
cat  objects,  and  at  thoir  least  sizes  arc  probably  unseen  even  with  the 
microscope;  organisms  which,  in  virtue  of  their  vitahiy,  are  indefinitely 
sclf-muitiplying  within  their  respective  spheres  of  operation,  and  which, 
therefore,  as  in  contrust  with  common  poisons,  can  develop  indefinitelr 
large  ulterior  effects  from  first  dt>ses  which  are  indeRnitely  small.  Of 
ferments  thus  characterized,  the  apparently  essential  factors  of  speciftn 
chemical  processes,  at  least  one  sort — the  ordinary  septic  ferment  ' — seems 
always  to  be  present  where  putrefactive  changes  are  in  progress,  as  of 
course  in  all  decaying  animal  refuse;  while  others,  thouj^  certainly  not 
essential  to  all  such  putridity,  are  in  different  dngrces  apt,  and  some  of 
them  little  leas  thau  certain,  to  be  frequent  incidents  of  our  ordinary 
refuse. 

"It  must  be  remembered  that  gasea  on  the  one  liand,  and  the  particu- 
late ferments  on  the  other,  stand  in  widely  different  relations  to  air  and 
water  as  their  respective  media  of  diffusion.  The  ferments,  so  far  as  we 
know  them,  show  no  power  of  active  diffusion  in  drj-  air;  diffusing  in  it 
only  as  they  are  passively  wafted,  and  then  pr^ibably,  if  the  air  be  freely 
open,  not  carrying  their  vitality  far;  hut,  as  moisture  is  their  normal 
nifdiinri,  currents  of  humid  air  (us  from  sowers  and  drains)  can  doubtless 
lift  them  in  their  full  effectiveness,  and  if  into  houses  or  confined  exterior 
spaces,  then  with  their  chief  chances  of  remaining  effective;  and  ill-ven- 
tilated low-lying  localities,  if  unclean  as  regards  the  removal  of  their 
refuse,  may  especially  bo  expected  to  have  these  ferments  present  in  their 
common  atmosphere,  as  well  aa  of  course  teeming  In  their  soil  and  ground- 
water." 

"  8.  Populations  under  the  influenco  of  filth  are  in  many  cases  auffering 
not  only  from  that  influence,  hut  also  from  other  removable  causes  of  dis- 
eaae;  and  in.  any  endeavor  to  estimate  at  all  exactly,  as  for  administrative 
judgment,  the  injury  which  is  derived  from  filth,  evidently  those  addi- 
tional influences,  should  aa  far  as  practicable  be  made  matter  of  separate 
account.  In  one  case  a  filthy  nelghhorhcHid  may  be  so  poor  that  mere 
privation  is  an  appreciable  cause  of  disease  in  it.  In  another  case  the 
population  may  be  so  badly  housed,  in  respects  which  by  themselves  would 
not  be  classed  as  filth — may  be  so  overcrowded  in  their  dwellings,  or  be  in- 
habiting such  close  or  ill-built  (quarters,  that  this  has  to  be  counted  as 
causing  disease.  In  a  third  case,  some  particular  collective  occupation, 
injurious  to  the  adults  and  adolescents  who  follow  it,  may  be  creating 
disease  additional  to  that  which  the  filth  produces.  In  a  fourth  case, 
swarms  of  infants  and  young  children,  whose  mothers  are  engaged  away 


'  For  oonvenfenoe  I  dm  tfaa  nogfular  number,  bnt  haro  no  intentloD  of  implyin^r 
that  nnlinary  patrefacUvo  changes  have  only  one  ferment  which  can  be  oonaidarcd 
babitnal  to  Cbem. 
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from  homo  in  some  local  industry,  may  be  suffering  disease  from  negleot 
and  mismanagement,  and  so  forth.  And  vviduntly,  if  uno  would  sec  what 
harm  filtb  can  do  in  it£  own  ways,  one  must  discriminate  it  aa  far  as  pes* 
Biblo  from  such  concomitants  as  the  above. 

"In  filthy  urban  districts,  where  ihe  foul  air,  comparatively  incarcer- 
ated in  courts  and  alleys  and  narrow  strcoia,  can  act  with  most  force  in 
retard  to  masses  of  population,  the  population  always  shuws  an  increased 
mortality  under  several  titles  of  disease.  Such  miscellaneous  increase  of 
mortality  affects,  probably,  all  ages,  mtjro  or  less,  but  a  distinctively  large 
proportion  of  it  attaches  to  the  children.  Apparently  the  mere  inllueiice 
of  the  filth  (apart  from  other  intluencos)  in  such  a  district  will  be  L*ausing 
the  infanta  and  young  children  to  die  at  twice,  or  thrice,  or  four  timos 
their  fair  standard  rato  of  mortality;  and  this  disproportion,  which  be- 
comes even  more  striking  when  tho  chief  epidemics  of  ordinary  childhood 
(measles,  and  whooping-cough,  and  scarlatina)  are  left  out  of  the  com- 
parison, seems  to  mark  the  young  lives  as  finer  tests  of  foul  air  than  are 
tho  elder  and  perhaps  acclimatized  population. 

"In  trying  to  analyze  the  death  statistics  of  filthy  districts,  we  soon 
find  that,  with  regard  to  many  of  the  separate  elements  in  the  misoellane- 
OU8  mortality,  we  cannot  argue  in  exact  scientific  terms,  partly  because 
very  large  quantities  are  registered  under  names  which  have  no  definite 
nosological  meaning — «.  ff.,  "convulsions,''  "teething,"  "atrophy,"  "con- 
sumption ;  "  partly,  also,  because  soma  kinds  which  we  can  fairly  identify  by 
name  (c  ff.y  pneumonia)  are  such  as  we  do  not  always  otiologically  under- 
stand ;  and  sometimes  we  may  be  only  able  to  establish  the  broad  fact 
that,  within  the  area  of  filth,  the  deaths,  in  total  amount,  are  greatly  more 
numerous  than  they  ought  to  be,  and  that  the  excess  (or,  in  inixofl  cases,  a 
certain  share  of  the  excess)  can  ouly  be  accounted  for  as  the  effect  of 
the  filth."' 

Great  as  is  the  importance  of  filth  as  one  of  the  causes  of  disease,  it  is 
ntjccssary  not  to  overestimate  it,  and  to  beware  of  tho  popularnotion  that 
filth  is  almost  the  only  thing  wjiiv^h  requires  the  attention  of  the  sanita- 
rian. It  is  well  known  that  filth  (Iocs  not  always,  nor  even  usually,  pro- 
duce disease,  as  clearly  appears  from  the  researches  of  Dr.  Guy  on  tho 
health  of  nightmen,  scavengers,  etc.;'  and,  on  the  other  hand,  that  the 
filth  disoase.s,  and  especially  typhoid  fpvcr,  .•tonieiimes  occur  under  cin;uni- 
BtaDC<*-s  where  the  ordinary  rccngnixable  forms  of  filth  would  seem  to  have 
little  to  do  with  the  matter.'  The  conclusion  of  Or.  Cabell,  from  tho  facts 
collected  by  him,  appears  perfectly  legitimitte,  viz.:  that  it  appears  that 
at  v&rious  times  a  fever,  having  the  clijiinul  characteristics  of  the  typhuid- 


'  (See  Reports  of  tbs  M^ilieal  Offieer  of  the  PrWy  Council  and  Looal  GoTemment 
Doard,  N'.  8.,  Ho.  1,  London,  1H74.  Filth  DLseoaea  and  their  Preveation,  pp.  B-9,  10, 
andlt-ll) 

*  Compare  alao  Noble  nn  certain  popular  falladefl  oonoemlne  tho  production  of  epl- 
damio  diaenscti.  Mancheiter.  IS-^O,  8vo. 

•  Beo  Tho  Etiology  of  Enteric  Fover,  by  J.  L.  Cabell,  MD.,  Traos.  Am.  Med.  Amo- 
datlon,  1877.  p.  41 1. 
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enteric  fever,  h&s  prevailed  in  Urge  areas  of  counlry  in  Virginia,  generallv 
succeeding  a  like  prevttlfirico  of  periodic  fever,  which  in  a  very  great 
degree  subsides  on  ihe  apjieurunw  of  the  typhoid  affection,  and  he  con- 
cludes that  this  disease  ctinnot  be  prevented  in  these  districts  by  excloaive 
atteiiliun  to  the  removal  of  the  products  of  cither  animal  or  veg«tab]e 
decomposition.'    » 

W'ltat  is  o^^Iinarily  known  as  cleanliness  will  not  only  have  no  effect 
upon  the  spreading  of  the  true  coutngium  diseases,  such  as  scarlatina,  Kui 
may  seem  to  be  of  no  avail  in  preventing  the  class  of  diseases  referred  to 
by  Mr.  Simon. 

^'et  the  evidence  that  filth  is  a  c^»nstant  sonrce  of  danger  ia  so  alroiig, 
an<l  the  gtwid  effuuts  of  prevejitiiig  its  nccumulation  have  been,  upon  the 
whole,  BO  evident,  that  it  is  not  strange  that  it  should  seem  to  those  sani- 
tarians who  have  more  zeal  than  knowledge,  and  who  are  not  accustomed 
to  ihe  modes  of  thinking  of  the  scientific  investigator,  as  if  discussions 
upon  other  possible  chusps  or  refinements  in  diagnosis  were  unnecessary, 
as  if,  to  use  the  words  of  Mr.  Chadwick,  "the  medical  controversy  as  lo 
the  causes  of  fever,  as  to  whether  it  is  caused  bv  filth  and  vitiated  atmos- 
phere, .  .  .  docs  not  appear  to  be  one  that  for  practleal  purposes 
need  be  considered,  oxcejit  that  its  effect  is  prejudicial  in  diverting  atten- 
tion from  the  practical  means  of  prevention."  This  is  the  phraseology  of 
the  so-ealled  practical  man  wlin  thinks  that  *'  he  knows  enough,"  but  the 
idea  which  it  embodies  is  entirely  erroneous.  As  stated  by  Dr.  Netten 
Radcliffe,  "  the  fundamental  principle  of  sanitary  practice  is  the  disrriin* 
ination  of  conditions  under  which  disease  prevails.  As  a  corollary,  a 
knowledge  of  these  conditions  is  necessary  to  an  intelligent  adaptation  of 
remedial  measures.  .     ,     The  cleanliness  at  which  hygienic  ineaanrea, 

aim,  if  it  is  to  be  other  than  a  delusion,  must  be  founded  on  an  intelligent 
appreciation  of  that  aim,  and  such  appreciation  involves  a  knowledge  of 
the  conditions  under  which  the  diseases  to  be  affected  by  the  measures 
exist.  To  relegate  saniiary  matters  to  *  connnoii  (notions  of)  cleanliness' 
and  to  *  common  senset*  is  to  relegate  them  to  general  ignorance  and  to 
general  slovenliness."  * 

Mr.  Chadwick,  however,  takes  a  wiser  view  in  his  address  at  the 
1nternati<iiial  Cotigress  of  Hygiene  at  l^aris,  in  which  he  remarks  thafe^^l 
"routine  statistical  rtMurna  of  the  fact  of  death,  and  even  of  the  classea^H 
of  diseases  of  whiuh  the  [>aticnt  died,  without  reference  to  the  preventable 
causes,  are  [jositively  pernicious,  as  tending  to  extend  a  fatalist  impression 
that  such  deaths  and  diseases  aro  the  results  of  inscrutable  causes,  that 
the  best  that  can  bo  done  has  been  done.  .  .  .  It  is  customary  in 
these  reports  to  give  solely  the  mean  nf  the  death-rate  of  an  entire  city, 
which  comprises  the  mean  of  populations  in  extremely  opposite  civio  con- 

'  Connilt  also  W.   It  BmmWett :  The  Etiology  of  Typhoid  Fever,  Virgioia  Med. 
Monthly.  Oct..  1878,  p.  517. 

*  J.  X.  Rndcliffo :  The  Fundamental  Prinoiplcs  of  Sanitary  )[ot!ioa,  Pmctltiooer, 
LondoD.  Sept.,  187S.  p.  32;;. 
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dittons.  A  mean  between  tlie  conditions  of  Dives  and  Lazartts  temlx  to 
make  it  apparent  that  after  all  I^axarus  has  not  so  much  to  complain 
of." 

It  is  not  only  impossible  to  practically  carry  out  sanitary  measures  to 
febo  best  advantage  without  a  coniproliension  of  the  HCientific  principles  on 
which  tltey  are  based,  but  the  duty  of  a  sanitarian  is  by  no  means  com- 
pleted wheti  he  has  mastered  tho  existing  fonnulaa  of  hygiene  and  their 
practical  application. 

It  is  Wis  business  to  increase  knowledge,  and  in  no  tiold  of  scientiRo 
inquiry  at  the  present  time  are  there  greater  opportunities  for  so  doing. 

To  this  end  it  is  desirable  that  he  should  be  fainiliar  with  the  disputed 
points — the  border-lands  of  sanitary  science— in  order  that  no  opportunity 
maybe  lost  of  rescuing  some  portion,  be  it  ever  sosmnll,  from  the  marshes 
of  theory  and  empiricism  which  surround  them.  Every  epidciuic,  great 
or  small,  even  if  there  be  but  three  cases  showing  a  community  of  origin, 
is  an  experiment  performed  for  him.  an  experiment  which  he  neither  eon 
nor  dare  perform  for  himself,  and  which  will  never  be  n^peatcd  in  nil  its 
details.  Hence,  the  immense  importance  to  tho  sanitarian  as  well  as  to 
the  medical  man  of  knowing  how  to  observe,  which  in  most  cases  includes 
tho  knowing  what  to  observe  and  tc/tat  to  omit. 

The  method  of  investigation  of  epidemics  formulated  by  the  French 
Academy  of  Meilicine  in  1828  laid  great  stress  on  the  topography  and 
meteorology  of  aflectod  places,  for  obtaining  which  detailed  instructions 
are  given,  somewhat  less  stress  on  tho  history  and  pathological  anatomy 
of  the  disease  itself,  and  dismisses  other  points  with  a  few  words. 

Many  investigations  have  been  made  upon  this  plan,  but  without  ob- 
taining very  decided  results,  and  it  has  5tr;idually  become  apparent  that 
continuous  morbillty  and  mortality  statistics  not  only  of  localities  affected, 
but  of  those  not  affected,  are  necessary  to  make  the  meteorological  and 
topographical  data  of  any  s]>ecial  value. 

It  is  much  easier  to  obtain  really  useful  statistics  in  questions  of 
etJology  than  in  questions  of  therapeutics,  although  their  result.^  are  more 
frequently  underrated  in  the  former  an'l  overrated  in  tho  latter,"  but  h 
must  be  remembered  that  statistics  but  rarelv  originate  knowledge^ — they 
am  simply  the  balance  in  which  the  observations  are  weiglied— and  as  the 
great  majority  of  observers  see  only  that  whirh  they  are  looking  fi^r,  the 
most  useful  statistics  are  those  collected  to  answer  certain  detinito  ques- 
tions. 

Difficult  as  it  is  to  obtain  statistics,  it  is  equally  difficult  to  use  them 
rightly  when  obtained,  "Tcstimonia  ponderantla  sunt  antcqnam  nume- 
randa,"  but  even  when  this  has  been  done  much  romuin.H. 

When  the  figures  have  been  obtained,  arranged  in  tables,  and  sum- 
med up,  most  ]teople  suppose  the  work  is  doue,  whereas  the  skilled 
Statistician  knows  that  it  is  only  fairly  begun.  He  has  still  to  answer 
three  questions,  via.:  Ist,  what  is  the  amount  of  probable  error  in  the 
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results  ;  2d,  what  is  proven  or  rendered  probable  by  them  ;  and  3d,  rrhni 
is  the  degree  of  this  probability. 

It  will  surprise  those  who  have  given  little  attention  to  the  niath»- 
iratics  of  probabilities  to  see  how  the  results  of  medical  and  sanitary  sta- 
tistics shrink  and  dwindle  on  the  application  of  Poisson's  formula.' 

Even  when  we  tind  from  the  Hgurcs  that  a  certain  result  is  probable, 
wo  want  this  probability  expressed  in  a  known  standard. 

It  should  be  remembered  that  "negative  evidence  moans  evidence  to 
the  contrary,  not  the  absence  of  all  evidence;  probable  extends  from 
even  chances  to  ]>ositive  alBrmation,  improbable  from  even  chances  to 
positive  denial."  Kor  instance,  it  is  probable  that  typhoid  fever  is  due  to 
a  specific  microzymo.  It  is  probaole  that  in  some  cases  typhoid  fever 
has  appeared  in  a  community  without  the  importation  of  ihia  specific 
microzymu.  It  is  improbable  llmt  this  specific  microzyme  should  bo 
spontaneously  generated.  Try  to  express  in  figures  these  probabilities 
and  improbabilities,  and  to  deduce  from  the  results  in  mathematical 
terms  the  relative  probabilities  of,  Ist,  errors  in  observation  ;  :id,  spon- 
taneous generation  of  the  niicrozyme  ;  'M,  its  being  brought  from  a  dis- 
tance by  aerial  currents.  The  statistics  which  previously  appeared  so 
plain  and  satisfactory  will  probably  have  a  very  different  aspect  before 
the  answer  is  obtained. 

A  question  of  great  interest  in  etiology,  and  which  can  only  be  set- 
tled by  statistics,  relates  to  the  concurrence  of  diseases  and  the  sequence 
in  which  they  follow  each  other.  Allusion  has  already  been  made  to  the 
researches  of  Dr.  Buchanan  on  this  subject  (page  14),  frmii  which  it  ap- 
pears that  such  concurrence  is  found  in  certain  cases. 

AVhether  these  coincidences  nro  merely  accidental,  or  whether  they 
show  a  relation  of  cause  and  oflect,  or  a  common  cause,  such  as  the  pan- 
demic waves  of  Dr.  Lawson,  is  as  yet  uncertain,  and  the  determining  this 
point  may  prove  very  valuable  as  to  prognosis  and  preventi*in. 

Of  late  years  the  greatest  advances  in  our  knowledge  of  the  causes  of 
disease  have  been  made,  not  by  statistics,  but  by  experiment  and  by  in- 
vestigations in  comparative  pathology.  The  utility  of  this  method  ia 
limited  by  the  fact  that  specific  diseases  scorn  usually  specific  to  certain 
animals,  and  that  many  of  the  diseases  of  man  cannot  bo  communicated 
to  the  lower  auinmls  ;  but  as  yet  our  knowledge  on  this  subject  is  ex- 
tremely imperfect,  and  the  relations  of  the  diseases  of  animals  to  those 
of  man,  of  epizoutics  to  epidemics,  etc.,  belongs  especially  to  aaoitarf  ^^J 
science.  ^^M 

Evidently,  if  we  are  to  investigate  to  good  purpose  the  nature  of  a 
poison,  we  must  have  some  satisfactory  test  of  the  presence  of  the  poison. 
The  reason  why  wo  have  been  able  to  make  some  advance  in  our  knowl* 
edge  of  splenic  fever,  and  little  or  none  for  many  years  in  our  knowledge 
of  yellow  fever,  is  because  we  can  produce  the  tirst-named  disease  in  ani- 


'  Probable  error  =-=-4. 


=J?  ^'/Splq  — p)  whsre  q  =  total  nnmb«r  of  events 

qi  p  =  nambor  of  events  la  ono  dlreotloo. 
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nial«,  thus  having  at  our  conimand  a  physiological  test  whereby  we  may 
know  whether  wc  actually  liavo  the  poison  before  us,  while  little  has  been 
efTected,  or  even  attempted,  to  obtain  such  a  teat  for  the  yellow  (evvr 
poison. 

Attempts  have  been  made,  it  is  true,  to  Inoculate  this  poison  on  man, 
and  it  has  been  observed  that  calves  and  unaoclirnated  northern  cattle 
will  become  affected  during  an  epidemic  with  peculiar  symptoms,  such  as 
yellowness  of  the  conjunctiva,  hieuiaturia,  etc.,  but  these  are  simply  in* 
dications  for  the  work  wlilcli  is  yet  to  be  done.  T)r.  B.  W.  Hichardsoii 
asserts  that  by  the  giving  of  large  doses  of  alkailos  to  animals,  he  has  de- 
veloped symptoms  similar  to  those  of  typhus,  aud  concludes  **  that  by 
experiment  it  might  be  ascertained: 

'*!.  In  what  excreta  the  poisons  of  certain  epidemic  diseases  are  lo- 
cattxi. 

"  'Z.  By  what  surfaces  of  the  body  such  poisons  may  bo  absorbed,  so 
at  tu  produce  their  spocifio  effects. 

"3,  Whether  the  virus  of  a  disease,  in  reproducing  its  disease  in  a 
healthy  body,  acts  in  the  dovclopnujnt  of  the  phcrjomena  by  which  »he 
disease  is  typified,  prlTnurily  or  secondarily,  /.  e.,  by  its  own  reproduction 
and  presence,  or  by  the  evolution  of  another  and  different  principle  or 
product. 

"4.  Whether  climate,  season,  and  other  external  influences,  modify 
the  course  of  epidemics,  by  producing  modifications  of  the  epidemic 
poisons, 'or  modifications  in  the  system  of  persons  exposed  to  the  poi- 
sons." ' 

It  is  quite  possible  that,  as  civilization  progresses,  new  soiirces  of  dis- 
ease may  be  developed;  as,  for  example,  yellow  fever  is  believed  by  many 
historians  to  have  been  dereloped  by  the  colonization  of  the  West  Indies 
from  Europe;  that  "the  opening  of  new  territories  will  have  its  dan- 
gers," and  that  "indigenous  germs  of  disease  may  exist  in  unexplored 
Africa  and  in  other  secluded  parts  of  the  globe,  which  are  in  time  to  be 
conveyed  to  the  marts  of  commerce,  and  tlienco  to  be  still  more  widely 
diffused  ; "'  but  if  this  shall  occur,  it  is  quite  certain  that  the  success  in 
discriminating  these  diseases  and  in  fixing  on  their  causes  will  bo  in  prc- 
oiie  proportion  to  the  knowledge  of  diseases  now  existing  which  may  bo 
pOMMsed  by  those  who  first  meet  with  the  new  disease  ;  fur,  as  it  is  the 
first  cases  in  an  epidemic  which  are  the  most  important,  and  which  are 
most  frequently  mistaken,  still  more  would  this  be  the  case  with  an  en- 
tirely new  disease. 

In  BO  far  as  the  origin  aud  spread  of  epidemic  diseases  depend  upon 
atmospherio  changes,  we  can  do  little  or  nothing  tu  modify  their  course, 
and  hence  the  study  of  meteorological  conditions  in  connection  with  the 
eliology  of  disease  is,  to  the  sanitarian,  at  present,  of  no  great  practical 

'Brit.  Uod.  Joar.  LoDdon,  1855,  pp.  313-14. 

*0.  IL  Smith:  Bpidamics  of  the  CcDtury,  Trani.  N.  Y.  Aoacl.  of  Mod.,  1376,  p. 
363. 
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valao,  except  to  j^vq  him  the  power  of  prediction  to  a  limited  extent 
During^  the  \&&t  hunilnKl  yt^arft  a  vast  amount  of  labor  has  been  cxpenilv^ 
by  mediea)  men  in  obtaining  and  recording  moteorologioal  data,  in  the  hope 
of  establishing  some  connection  between  these  and  the  variations  in  dis- 
ease; but,  as  a  rule,  it  has  been  labor  wasted  so  far  as  this  object  is  con- 
cerned, for  the  simple  reason  that  the  variations  in  disease  have  not  ahio 
been  rewjrdtMl,  I.int  merely  estimated  and  guessed  at. 

No  substatitial  addition  in  this  respert  has  been  made  to  tlic  knowleflgp. 
possessed  by  Ilippocrutcs,  as  set  forth  in  his  book  on  airs,  waters,  anil 
places,  namely,  that  cold  and  damp  weather  products  diseases  of  the 
respiratory  organs;  hot  weather,  disorders  of  the  digestive  organs;  sprtnir 
and  autumn,  malaria)  troubles,  olc' 

Our  hope  of  substantial  scientific  progress  in  knowledge  of  the  causes 
of  disease  rests  mainly  on  two  methods  as  3'ct  little  used,  namely,  on  the 
registration  of  disease  and  on  comparative  experimental  patholog;y. 

ITT. — JuBlHi-RUDKXCB   OV   UyOIENB. 

WliRtover  may  be  the  nature  or  the  precise  causes  of  an  epidemic, 
cndomip,  or  prevalent  disease,  it  is  evident  that  the  great  majority  of  in* 
dividuala  in  a  community  can  Jiuvcbnt  little  power  as  individuals  to  avoid, 
prevent,  or  destroy  these  eauses.  They  do  not,  in  fact,  know  what  these 
vauses  are,  or  how  to  recognize  tlicni.  Their  hereditary  orgauixatlon, 
education,  habits,  and  oceupatlnn,  the  rliinnte  in  which  they  live,  and 
even  the  quality  of  the  air,  food,  arid  water  which  they  use,  are  all  estab- 
lished for  tlieni,  rather  than  by  tliem,  so  that  if  anything  approximating  a 
perfect  system  of  hygiene  depended  on  individual  effort,  we  might  con- 
clude that  the  belief  In  the  possibility  of  such  a  system  is  "one  of  those 
dreams  which  breathe  a  blind  hope  into  us,  a  hope  born  only  of  our  long- 
ings and  destined  to  die  of  onr  experience,"  and  that  *'in  the  scheme  of 
Providence  it  may  not  be  meant  that  man  shall  be  healthy."* 

But  when  from  the  individual  we  turn  to  the  community,  and  consider 
it  not  as  a  mere  collection  of  isolated  and  independent  persons,  but  as  a 
distinct  organism  possessing  its  own  iiKllviduality,  and  having  powers  and 
res(>onsibi]itics  of  its  own,  tlie  case  is  vrry  different. 

It  is  true  that  the  State,  like  the  individual,  is  limited  by  ita  descent 
and  surroundings,  nml  that  the  city  as  well  as  the  citizen  must  follow  the 
thread  of  the  Fates;  but  *' one  blu<le  of  the  fatal  shears  is  usually  forged 
hy  the  city  itself,"  and  thus,  to  a  great  extent,  can  it  control  the  destiny 
of  its  children  as  regards  health  and  longevity. 

This  control  is  to  be  obtained  by  knowledge — special  and  highly  de- 


'  For  Tiovra  in  opposition  to  this,  see  Sixth  Kcport  Stat«  Board  of  Hesltfa  of  Uidu- 
gaa  fnr  1!4T8,  p.  :iOO.  In  this  niul  other  reports  of  Dr.  U&kcr  the  iMid  possible  hu  been 
doDO  with  the  mstcriala  at  hig  command  lo  show  the  conneoticm  twstween  mcteoroloj} 
aod  marbilitj,  and  the  Roientifio  intoront  and  value  of  eiich  wurk  in  not  denied. 

'  Parkea  E.  A.;  Maooal  of  Il^ficDu,  5tb  EJ.,  IS"S.     latrodactioo,  p.  zxL 
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velopcd  knowlec!^  on  Ihc  part  of  a.  few— und  a^onoral  knowlodgft  of  tho 
utility  of  followinjj  the  uilvicc  of  ilicsn  few  on  tlio  part  of  the  irmnv,  whirfi 
lust  is  much  more  frwiucntly  present  ihmi  tJiccfiually  ossriitia]  knowletlgo 
ft«  to  who  are  the  men  who  are  actually  capable  of  rightly  dirooting^  the 
|teople,  instead  of  those  who  mprolv  claim  f^iwU  ahility. 

In  iho  days  when  such  science  us  rxiBte<l  was  tho  prerogative  of  :i 
comparatively  small  class,  this  last  problem  was  not  bo  difiioult,  for  ff  tho 
Egyptian  priest,  the  Chaldean  magus,  or  the  Indian  bmhmiiv  did  not 
pnttHesa  the  desiwd  knowltnlge,  It  wii8  useless  to  sonk  eUewhere  for  it;  and 
the  motive  of  the  multitude  for  foIlowiiijT  thoir  onlors  was  stmng  and 
tlirect,  since  it  was  supposed  that  disobedience  would  result  not  only  in 
punishment  in  this  world,  hut  also  in  the  next. 

^^*hethe^  Moses  summed  up  the  esotorio  knowledge  of  the  Egyptian 
prie*t5  in  hia  hygienic  precepts  to  the  clillilren  of  Israel,  or  obtained  them 
by  sjieoial  Divine  inspiration,  does  not  mutter  in  this  connection.  Thofto 
)>rnccpt»  beoame  a  part  of  tho  Jnwish  religion,  and  their  results  are  per- 
haps yet  apparent  in  tho  vital  statistics  of  the  race,  while  tho  declaraliou 
of  Mohammed  that  'Mho  practice  of  religion  is  founded  on  cleanliness, 
which  is  one-half  tho  faith  and  the  key  *if  prayer,"  had  a  much  greater 
practical  sanitary  value  than  any  similar  utterance  could  have  to-day. 

In  this  generation  it  is  necessary  to  etitablish  public  hygiene  upon 
another  foundation  to  ensure  the  general  acceptance  of  its  coininands, 
namely,  on  utilitarianism — t.  e.,  to  show  that  it  contributes  to  the  pleasure 
or  proBt  of  the  community  enough  to  warrant  the  sacrificQ  of  a  small  part 
of  the  pleasure  or  profit  of  the  individual.  The  remark  of  Dr.  l*ttrkc!S, 
that  this  will  dictate  a  courao  in  harmony  with  one  of  tho  fon-^most  rules 
of  religion,  vi'it.,  that  we  should  do  for  our  neighbors  as  for  ourselves,  is 
certainly  correct;  but  the  sanitary  law-raakers  of  the  nineteenth  century 
usually  seek  first  what  is  expedient  and  pecuniarily  profitable,  and  devote 
their  spare  time  afterward  to  proving  that  it  is  also  in  harmony  with  tho 
creed. 

The  broad  general  principle  upon  which  nil  modem  sanitary  legisla- 
tion rests  is  that  every  member  of  tho  community  is  entitled  to  protection 
in  regard  to  hia  health,  just  aa  he  is  in  regard  to  his  liberty  and  property, 
and  that  on  the  other  hand  his  liberty  and  his  control  of  his  property  are 
only  guaranteed  to  him  on  the  condition  that  they  shall  be  so  exercised  aa 
not  to  interfere  with  the  similar  rights  of  others,  nor  bo  injurious  to  tho 
health  of  the  community  at  large.  Health  in  this  connection  is  not  merely 
analogous  to  capital  or  property,  but  it  is  capital,  the  value  uf  which  may 
be  to  a  certain  extent  expressed  in  coin,  and  its  protection  may  Ik?  based 

■  upon  the  legal  principles  wliich  relate  to  tho  protection  of  rights  of  pcop- 
erty,  although  it  rests  also  on  other  principles  of  State  polity  which  con- 
cern the  jural  and  moral  relations  of  human  life. 

Those  who  believe  that  certain  rights  of  man  do  not  depend  upon 
expediency  or  utility  as  measured  by  human  standards,  but  upon  a  certain 

Eiler  arranged  by  the  creator,  arul  expressed  either  in  a  special 
n  or  in  certaiti  universal  human  instin<;ts,  do  not  usually  include 
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sanitary  rights  among*  such.  Thus,  Professor  Woolsej  sajs:  **  Sanitar/ 
rv<;ulations  tend  to  preserve  health  and  life,  but  only  in  an  indirect  wnr, 
and  so  tlicy  are  not  a  neoeasary  part  of  State  action.  It  is  not  evident 
that  a  swamp  nii^-ht  to  bo  drainod  by  the  Ktato,  or  under  its  direction  by 
the  district,  for  the  purpose  of  diminishing  malaria,  because  the  rig'ht  to 
life  requires  it,  any  more  tlian  physicians  and  racdiciiio  ought  to  be  sap- 
plied*Viy  the  State  bt»cause  the  nght  to  life  requires  it.  The  right  to  life  is 
of  another  sort;  and  it  does  not  say  to  the  State  *Thou  shalt  ket^p  this  or 
that  mail  from  sickness  such  as  the  soil  or  climate  may  bring  upon  him,* 
any  more  than  the  rights  of  property  say  *  Thou  shalt  keep  this  or  that 
man  from  poverty  occastonud  by  his  neigIibor*a  superior  skiU.*"  ' 

The  author^s  illustrations  aro  not  goo<.l,  since  they  involve  the  fallacy 
that  there  is  but  one  kind  or  degree  of  expediency,  whereas  the  difference 
ill  this  respect  in  the  instances  given  by  him  is  very  groat;  but  the  point 
made  that  sanitary  matters  are  things  in  which  the  State  rna*/^  but  not 
muitt,  iritorforc  is  correct,  nor  does  lie  by  any  means  deny  the  expediency 
or  propriety  of  such  interference. 

liut,  putting  aside  altogether  considerations  of  moral  right  or  divine 
commands,  the  sanitary  rights  of  the  people  depend  to  a  great  extent 
ujwn  that  part  of  law  which  Hobbes  describes  as  "  that  law  which  men  are 
liound  to  obser\*e  because  they  are  members,  not  of  this  or  that  com- 
munity, but  of  a  community,"  and  these  rights,  and  the  obligations  con- 
neoted  with  them,  can  be  defined  with  reasonable  clearness  and  precision, 
whence  it  follows  that  they  are  proper  subjects  for  legislation  whenever 
such  definition  becomes  expedient. 

On  the  other  band,  justice  compels  no  man  to  perform  any  act  for 
which  a  moving  consideration  or  advantage  to  him  has  not  existed,  or 
will  not  exist  in  the  future  ;  or,  as  Ordronaux  states  it:  "The  foundation 
of  mutuality  of  obligation  subsisting  between  men  in  civil  society  rests 
upon  the  doctrine  that  each  member  has  rights  of  which  he  cannot  with 
propriety  be  divostod  ;  and  that  in  the  exorcise  of  those  riglits,  and  in 
the  ordinary  transactions  of  every-day  life,  he  is  entitled  to  a  quid  pro 
quo  for  every  advantage,  privilege,  or  favor  granted  to  another." 

As  1  have  elsewhere  remarked:  **  When  the  State  says  to  the  individ- 
ual  citizen,  *  You  shall  not,  as  heretofore,  allow  the  waste  from  your  fac- 
tory to  contaminate  tht;  stream  upon  which  it  is  placed  ;  you  shall  not 
slaughter  cattle  in  the  l)uilclings  which  you  have  erected  for  that  pur- 
pose ;  you  shall  not  build  a.  house  on  a  certain  lot  of  yours,  unless  you 
make  the  walls  of  a  certain  thickness  and  arrange  the  timbers  in  a  certain 
way  :  *  when  she  aays  to  the  physician,  *  You  shall  keep  certain  records 
and  make  certain  reports,  in  order  that  we  may  know  the  rates  and  causes 
of  disease  ;*  or  to  the  householder,  *  You  shall  ventilate  your  sower-con- 
neotions  in  a  certain  way,  and  you  must  put  in  a  particular  form  of 
trap  ; ' — it  may  seem  at  6rst  sight  that  these  persons  should  be  oompen- 
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B&tcd  by  the  community  for  this  abridgement  of  their  liberty,  or  for  the 
service  which  ihcy  are  compelled  to  p«rfonn," ' 

A  little  consideration,  however,  wiiL  show  that  these  and  similar  com- 
nianda  derive  their  authority  from  different  sources. 

The  first  of  these  sources  is  what  is  railed  the  "  right  of  eminent  do- 
raain,^  i.  ?.,  the  rig^ht  of  a  government  to  take  private  property  for  pub- 
lie  use,  whenever  it  is  necessary  for  the  public  good,  or  to  demand  the 
services  of  individual  citizens  for  the  same  reason  ;  but  in  this  case  it  \» 
always  the  duty  of  the  State  to  furnish  a  reasonable  compensation  for  the 
j>roperty  or  labor  thus  appropriated.  The  compelling  physicians  to  fur- 
nish statistics  falls  under  this  head. 

The  second  source  of  authority  is  what  is  called  the  "  police  power," 
and  with  regard  to  this  wo  cannot  do  better  than  quote  from  the  opinion 
of  Chief  Justice  Shaw,  io  the  case  of  tha  State  of  Massachusetts  u. 
AlgBr. 

Speaking  of  the  police  power,  he  says:  '*  It  is  the  power  vested  in  the 
r^gislature  by  the  Constitution  to  make,  ordain,  and  establish  all  man- 
ner of  wholesome  and  reasonable  laws,  stututcH,  Hn<l  ordinances,  either 
with  penalties  or  without,  not  repugnant  to  the  Constitution,  as  they 
shall  judge  to  be  for  the  good  and  welfare  of  the  commonwealth,  and  of 
the  subjects  to  the  same. 

**  It  is  much  easier  to  perceive  and  realize  the  existence  and  sourcps  of 
this  power  than  to  mark  its  boundaries  or  prescribe  limits  to  its  exorcise. 
There  are  many  cases  in  which  such  a  power  is  exercised  by  all  well-or- 
dered governments,  and  where  its  fitness  is  so  obvious  that  all  well-regu- 
lated minds  will  regard  it  as  reasonable.  Such  are  the  laws  to  prnliibit 
the  use  of  warehouses  for  the  storage  of  gunpowder  near  habLlalions  or 
highways  ;  to  restrain  the  height  to  which  wooden  buildings  may  be 
erected  in  populous  neighborhoods,  and  require  them  to  be  covered  with 
slate  or  other  iticombustiblu  material  :  to  prohibit  buildings  from  being 
used  for  hospitals  (or  contagious  diseases,  or  for  the  carrying  on  of  nox- 
ious or  offensive  trades  ;  to  prohibit  the  raising  of  a  dam,  and  causing 
stagnant  water  to  spread  over  meadows  near  inhabited  villages,  thereby 
raising  noxious  exhalations  injurious  to  health  and  dangerous  to  life, 

"  Nor  does  the  prohibition  of  such  noxious  use  of  pr<ijierty — a  prohibi- 
tion imposed  lM>causesuch  use  would  be  injurious  to  the  public — although 
it  may  diminish  the  profits  of  the  owner,  make  it  an  appropriation  to  a 
public  use,  so  as  to  entitle  the  owner  to  compensation.  If  the  owner  of  a 
vacant  lot  in  the  midst  of  a  city  coulcj  erect  thereon  a  great  wo*^den 
building,  and  cover  it  with  shingles,  he  might  obtain  a  larger  proBt  of  his 
land  than  if  obliged  to  build  of  stone  or  brick,  with  a  slated  roof.  If  the 
owner  of  a  warehouse  in  a  cluster  of  other  buildings  could  store  quanti- 
ties of  gunpowder  in  it  for  himself  and  others,  ho  might  be  saved  the 

■Pnbllo  Health  ReportA  and  Papers  ;  Am.  Pnb.  Health  Ahii  ,Tol.  lir.N.  Y.,  1877, 
p.  49  OnsuH  nltKi.  Die  cffcntliche  Gesandheitspflefre  ond  dns  Hecht  des  EiDzoliren, 
voa  I>r  G(*tu&litsmi,  Deut«ciie  VrUjhrachr.  1  offeaU.  GuuUilapflege.  18T7,  IX.,  p.  4<17. 
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great  expense  of  trunsportiition.  If  a  landloM  could  lot  his  building  for 
a  stnull-pnx  hospital  or  a  slau<i;hter-house,  ho  might  obtain  an  increaR«fJ 
rent.  But  he  is  restrained  :  nut  because  the  public  have  occasion  to 
make  the  like  use,  or  to  make  any  uso  of  the  property,  or  to  lake  anv 
benefit  or  profit  to  themselves  from  it  ;  but  because  it  would  be  a  noxious 
usci  contrary  to  the  maxim  tie  utere  tuo,  tU  cUicnuni  »on  lofda*.  It  is 
not  an  appropriation  of  the  property  to  a  public  use,  but  the  restraint  of 
an  injurii>UK  private  tise  by  the  owner,  and  is  therefore  not  within  iho 
principle  of  property  taken  under  the  riffht  of  eminent  domain."  ' 

It  should  be  observed  that  the  police  powers  of  the  State  am  for  the 
most  part  exercised  to  secure  non-interference — that  is,  for  negative 
rather  than  positive  results.  Tlie  majority  of  theeonimaiids  issuod  under 
it  are  in  tlie  formula  "Thou  shalt  not."  legally,  a  man  is  not  to  bn  his 
brother*a  keeper  ;  he  is  simply  compelled  to  refrain  from  injuring  bis 
neighbor.  By  some  writers,  as  William  von  IlumboUlt  and  John  Muart 
Mill,  it  is  denied  that  the  State  should  directly  attempt  to  improve  the 
physical  welfare  of  its  citizens,  on  the  ground  that  such  Interference  will 
probably  do  more  harm  than  good.  But  all  admit  that  the  State  should 
extend  special  protection  to  those  who  are  incapable  of  judging  of  tbeir 
own  best  interests,  or  of  taking  care  cf  themselves,  such  as  the  insane, 
persons  of  feeble  intellect,  or  children;  and  we  liave  seen  that  in  sanitary 
matters  the  publio  at  large  are  thus  incompetent. 

The  only  practical  test  as  to  what  a  State  should,  or  should  not,  attempt 
in  this  matter  is  expediency;  whence  it  follows  that,  since  this  test  nmst 
vary  according  to  place,  nico,  and  degree  of  civilization,  no  general  and 
absolute  rules  can  l>e  laid  down.  However  groat  the  importance  which 
may  be  attached  to  dcocntraliKation  and  the  distribution  of  administrative 
}M)wers,  and  to  the  incxpe<licnuy  of  cftncentrating  in  bureaux  all  the  skill 
and  experience  in  organization  existing  iti  the  coiitiniiin'ty,  there  ran  be 
no  objection  to  the  State's  collecting  information,  giving  advice,  and  stimu- 
lating and  aiding  the  work  of  local  organizations.  The  power  which 
may  be  exercised  in  this  way  is  none  the  less  real,  because  it  does  not 
appear  in  direct  commands. 

In  a  large  part  of  the  United  States,  publiu  hygiene  is  a  matter  of 
common  law  only,  and  may  be  sninined  up  In  the  regulations  relating  to 
nuisances.  As  it  is  highly  important  that  the  sanitary  oflicial  should  un- 
derstand the  relations  of  the  law  of  nuisanuo,  a  few  words  will  Ih3  given 
to  that  subject. 

In  this  country  we  arc  said  to  have  constitutional  law,  statute  law, 
and  customary  or  common  law.  This  last  is  made  up  of  a  body  of  cus- 
toms, traditions,  and  usages,  derived  in  the  main  from  England  prior  to 
the  American  revolution,  but  since  added  to  in  the  several  States. 

There  is  no  common  law  of  the  llnion,  nor  have  the  federal  courts 
juriadiclion  of  common  law  offences,  and  what  is  common  law  iii  onoStato 

'  Reports  of  Ca«ca  Ary^«d  and  D«termincd  in  thn  Auproine  Jadicial  Court  of  Msks., 
by  Lather  S.  Ooshiiig,  Vol.  VII.,  Boston,  tB53,  pp.  b4-80. 
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may  not  be  and  frequently  U  not  so  considered  in  nnotlicr.'  These  cuii* 
tarns  ore  trunsfomieU  iuto  legal  rules  by  judges,  whose  decisions  aro  tliu 
tiiuui  sources  of  information  as  to  wliut  is  and  what  is  not  common  law; 
uhd  with  regard  to  wliat  is  and  what  is  not  a  nuisance,  these  decisions  are 
summed  up  as  {uUdws: 

The  use  of  ones  own  property  in  such  a  way  as  to  injure  the  rights  of 
another  and  to  inlliet  damage  Is  the  essence  of  nuisance.  There  must 
cither  bo  a  definite  tangible  injury  to  person  or  property,  or  the  enjoy- 
ment of  property  must  bo  rendered  essentially  uncotnfortablc,  and  there 
must  also  be  an  injury  to  the  rights  of  another.  Jf  a  man  digs  a  cellar 
on  his  ground,  no  matter  liow  deep,  and  the  foundations  of  his  neighbor's 
house  are  thereby  endangered,  he  does  not  cunntiit  a  nuisance,  because, 
although  he  may  inflict  great  damage,  ho  injures  no  rights.  If  he  collects 
on  his  own  proniisoa,  for  his  own  pleasure  or  proHt,  any  material  such  as 
water,  or  fdtii  of  any  kind,  he  is  bound  to  let  none  of  it  escape  in  such  a 
way  as  to  do  damage. 

it  has  been  decided  tlutt  this  applies  also  to  guses,  vapors,  and  odors, 
and  the  decision  of  Mansfield  in  the  case  of  Ilex  V.  White  is  often  quoted 
approvingly  by  jurists,  viz.:  *' It  is  not  necessary  that  the  smell  be  un- 
wholesome; it  is  enough  it  it  renders  the  enjoyment  of  li£c  uncomfortable  ** 
(1  Burr,  337). 

Under  such  conditions  as  these  it  might  seem  as  if  written  statute 
laws  for  the  protection  of  the  public  lif  uhh  were  not  essential ; — as  If  the 
views  held  by  some  (though  not  many)  lawyers,  that  the  powers  of  the 
common  law  arc  ani]ilc  to  deal  with  such  matters,  were  correct.  But,  in 
the  first  place,  there  is  no  agivement  as  to  the  amount  of  discomfort 
necessary  to  constitute  a  nuisance,  and,  as  Wood  retnarks,  the  inipoi-tunee 
and  utility  of  a  business  have  great  weight  in  deciding  the  question, 
especially  where  manufacturing  interests  are  strong,  as  in  Pennsylvania. 
Theoretically,  when  a  judge  makes  a  legal  rule  it  is  considered  as  estab- 
lished by  the  sovereign  power,  the  authority  to  make  such  rulr-'j  having 
be«n  given  either  expressly,  or  by  implication  arid  acquiesocncc,  since 
power  is  given  to  enforce  them;  but  practically  the  rule  is  ordy  good  for 
the  particular  case,  and  in  that  case  must  always  be  more  or  less  of  the 
nature  of  an  er  post  facto  law.  Since  judges  differ,  there  is  much  diffi- 
culty in  ascertaining  wliether  a  judicial  rule  will  be  considered  valid  by 
other  cuurts.  '*  We  never  can  be  absolutely  certain  (so  far  as  I  know) 
that  any  judiciary  rule  is  good  or  valid  law,  and  will  certainly  be  followed 
by  future  judges  in  cases  resembling  the  case  by  which  it  liua  been  intro- 
duced;"  *  and  certainly  in  sanitary  matters  the  common  law  is  a  very 
uncertain  and  unsatisfactory  reliance. 

It  should  bo  remembered,  however,  that  it  never  can  bo  done  away 
with,  and  must  be  continually  appealed  to  to  supplement  the  statute  law, 
which  takes  the  place  of  only  a  certain  portion  of  it;  hence,  the  precise 


'  Sedirvnck  on  Stktutory  and  Couatitational  Law.  N.  T..  IS-tT,  p.  17. 
'Lectorea  on  JuriiipnitlcDce,  b;  Jobu  .Austin,  Luod..  IditJ,  Vol.  11.,  p.  300. 
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York  is,  "tliat  one  proctitif;^  or  maintaining  a  oommon  nuisance  is  not 
limbic  to  an  action  at  the  suit  of  one  who  has  sustained  no  damage  there- 
from, except  such  a^  is  common  to  the  entire  community;  ycfc  ho  ia  liable 
to  one  who  has  sustained  damage  peculiar  to  liimself.  No  matter  liow 
numerous  the  persons  may  be  who  have  suHtained  this  peculiar  damage, 
each  is  entitled  to  coinpensation  for  hin  injury.  When  the  injury  is  com- 
mon to  the  public,  and  special  to  none,  redress  must  be  sought  by  a 
criminal  prosecution  in  behalf  of  all."  ' 

With  regard  to  the  subject  of  nuisances  and  the  rulings  of  the  com- 
mon law  with  regard  to  them,  it  is  highly  desirable  that  in  sanitary 
legislation  the  definitions  of  nuisances  and  the  descriptions  of  modes  of 
procedure  against  them  should  bo  as  clear  and  precise  as  possible,  whether 
these  definitions  are  given  in  the  statute  creating  the  sanitary  authority, 
or  by  the  sanitary  authority  itself  in  virtue  of  power  given  to  it  to  do  so, 
for  failure  in  this  respect  can  only  result  in  an  application  of  the  common 
law  rulings  to  the  matter,  which  will  be  found  to  be  a  special  and  peculiar 
nuisance  to  the  public  health  in  itself. 

While  it  is  clear  that  the  duty  and  right  of  the  State  to  make  and  en- 
force sanitary  regulations  depends  mainly  on  the  police  [wwer,  yet  the 
right  of  eminent  domain  may  also  bo  employed  in  emergencies  or  to  com- 
pel the  services  of  professional  experts,  and  the  distinction  between  these 
powers  should  m»t  be  lost  sight  oL 

Admitting  that  under  the  police  power  the  State  should  see  that  each 
individual  has  the  power  to  obtain  pure  air,  water,  and  food,  and  that  no 
one  shall  wilftdly  or  for  his  own  advantage  damage  another  man's  supply 
of  these  essentials  to  health,  it  has  still  been  a  question  bow  far  the  State 
under  this  power  can  interfere  with  ancient  jirivileges  established  by 
custom.  In  the  United  States  it  has  been  decided  that  it  can  so  inter- 
fere, upon  the  principle  enunciated  by  Chief  Justice  Taney  in  the  well- 
known  decision  in  the  case  of  the  Charles  River  Bridge  V.  the  Warren 
Bridge,  vii.,  that  States  must  be  permitted  to  avail  themselves  of  the  light 
of  modern  science  and  of  the  improvement*  brought  about  by  it — that,  for 
instance,  a  turnpike  cannot  claim  damages  because  a  railroad  puts  its 
profits  in  jeopardy;  but  there  is  still  some  uncertainty  as  to  what  might 
be  the  decision  in  a  particular  case.  In  MasHachusetts  it  has  been  de- 
cided that  carrying  on  an  oiTonsive  trade  for  twenty  years,  in  a  place  re- 
mote from  buildings  and  publio  roads,  does  not  entitle  the  owner  to  con- 
tinue it  in  the  same  place  after  houses  have  been  built  and  roads  laid  out 
in  the  neighborhood,  to  the  occupants  of  and  travellers  upon  which  it  is  a 
nuisance,' 

Another  question  may  bo  conveniently  considered  here,  viz.,  the  right 
of  the  State  to  interfere  with  the  liberty  of  the  individual  for  the  purpose 
of  securing  health  to  the  next  generation.  M*hy  should  wo  not  by  united 
eiTort,  and  as  a  body  politic,  endeavor  to  prevent  the  sufTcring,  disease, 

'  Prnndi  r.  Sehoelkoppf,  53  N.  Y  .  1«3.  and  Wood,  p.  $77. 
*  Com moD wealth  e.  Uptoa,  G  Gray,  47U. 
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and  vice,  with  wfilch  hproilitarv  iiiiluencus  fnmi  the  insnnc',  the  syphilitic, 
or  the  drunkarJ,  will  niUict  our  childreirs  children?  "To  what  end  do 
vtti  npply  all  the  resources  of  modern  sciciioe  and  art  to  prcsci've  llie  liveti 
of  the  thousands  of  men  and  womp.ri  in  our  puhlic  osyluiiia,  hospitals  and 
pritionS}  of  many  of  whom  it  may  properly  be  said  that  it  were  better  they 
were  dead  than  alive?  Wc  employ  our  best  physicians  and  engineers  to 
make  sure  that  the  air,,  water,  and  food  of  theae  iiersous  shall  contain 
nothing'  detrimeiilal,  and,  aftnt  keeping-  them  awhile  and  getting'  thetn 
into  the  best  possible  ccmdition,  we  send  them  out  into  the  coromunity, 
living  and  moving  sewcrK,  to  propa|i^te  and  protluce  mental  and  physical 
deformity  and  disease  without  limit."' 

The  reply  to  this  is,  that  the  good  effected  by  keeping-  criminals  in 
good  sanitary  condition  exceeds  upon  the  whole  the  evil  produced,  and 
that  the  interference  of  the  State  to  prevent  reproduction  of  hereditary 
diseases  would,  in  the  preRent  conditions  of  society,  certainly  cause  mor«^ 
evil  than  jfoocl.  As  stated  by  Dr.  Wilks,*  "  it  is  no  doubt  fearful  to  think 
of  ii  man  or  woman  mnrryinp  with  a  strong  taint  of  insanity,  and  bringing 
into  the  world  a  family  of  lunatics;  but  it  does  not  follow  that  an  infusion 
of  the  insane  blood  may  not  be  desirable.  1  think  that  it  might  easily 
be  shown  that  such  infusion  has  given  genius  to  a  whole  family — it  has 
leavened  the  whole  mass." 

The  question  of  tlie  prevention  of  hereditary  diseases  by  State  inter- 
ference must  be  settled  for  those  who  adopt  utilitarian  pnnciples,  by  the 
maxim  of  Sir  James  F'itzjames  Stephen:  "  If  the  object  aimed  at  is  goodt 
if  the  compulsion  employed  is  such  as  to  attain  it,  and  if  the  good  obtained 
overbalances  the  inconvenience  of  the  compulsion  itself,  then  the  com- 
pulsion is  good."  Those  who  do  not  accept  this  jirinciple  must  decide  in 
accordance  with  the  fact  that  the  prevention  of  propagation  of  hereditary 
disease  means  also  the  prevention  of  life,  and  that  between  this,  the  pre- 
ventiun  of  conception  at  the  will  of  the  parents,  and  induced  aljortion, 
there  can  be  no  sharp  dividing  lines.  'l"ho  question  is,  at  present,  of  practi- 
cal interest  to  the  legislator,  mainly  in  regard  to  the  management  of  the 
criminal  classea  and  of  paupers,  atid  although  closely  connected  with 
public  hygiene,  is,  nevertheless,  so  distinct  that  it  cannot  bo  considered 
here. 

We  may  now  proceed  to  consider  somo  of  the  means  by  which  the 
State  may,  or  ought  to,  endeavor  to  prevent  or  destroy  those  causes  of 
disoaae  which  afTect  communities,  rather  than  isolated  individuals,  and 
which  are  for  the  mo«t  part  beyond  the  reAch  of  individual  effort. 

To  effect  this,  skilled  labor  is  necessary,  and  also  some  central  authority 
to  secure  uniform  and  harmonious  action,  and  to  both  properly  protect 
and  restrict  the  liberty  of  individuals. 

Tho  fact  that  a  c^innnunity  pfisaesses  political  liberty  by  no  means  im- 
plies the  possession  «jf  proper  regulatiotis  for  the  rare  of  the  public;  health, 

'  Public  Health  B«porU  and  Papen:  Am.  Pnb.  Haalth  An'B,  Vol.  in.,  H.  T., 
1877,  p,  50. 

>  Journal  of  Uoutol  Scleuoe,  Load.,  Jan.,  1870,  p.  A14. 
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"or  that  such  regulations  would  be  enforced  if  made,  the  tcndoney  appear- 
ing to  bo  rathpr  in  the  opposite  direction;  anrl  the  difference  between 
coiutnuaitics  in  this  respect  is  an  grtuit  that  no  uiiifi>rm  system  as  to  de- 
tails is  practicable.  "  A  perfectly  uniforni  system  of  leg;islation  supposes 
t'quality  of  intellij^ence  or  injustice  in  tlie  law." 

In  a  newly-settled  country,  over  which  the  p<jpulation  is  thinly  scat- 
tered, the  necessity  for  protection  of  the  public  health  is  unfelt;  but  as 
wealth  and  population  increase,  the  gathering  of  the  people  in  masses  in 
cities  and  vilUf^es  both  g^iveJi  rise  U>  spt'cinl  dangers  to  health  and  life^ 
and  makes  the  ordinary  dangers  more  conspicuous.  Tlie  danger  cannot 
Iw  fstiiuated  from  the  relative  detiiAr  of  population  over  largo  areas;  for 
instance,  the  number  of  inhabilnnis^per  square  kilometre  is  estimated  as 
follows:  France,  68.3;  Great  Britain,  101;  Belgium,  181;  Austria,  07.9; 
(ierman  Empire.  75.9;  China,  100.6;  Jupan,  8:^.1;  United  States,  5;'  but 
it  would  be  a  grave  ermr  to  conclude  that  the  necessity  for  sanitary 
measures  is  corres}>ondnig1r  small  in  the  United  States,  seeing  that  at  tho 
Uat  census  over  one-fifth  of  the  entire  population  was  contained  in  fifty 
cities,  and  that  since  that  time  the  increase  has  been  markedly  greater 
in  municipalities  thtin  in  rural  districts.  The  causes  of  this  aggregation 
are  manifold,  are  still  acting,  anrl  will  probably  continue  to  act  fnrsomo  time 
to  come,  and  the  results  are  of  great  importance  to  our  sanitarians.  In 
the  cities  are  found  the  extremes  of  poverty,  ignorance,  and  vice;  tho 
dangers  of  contagion  and  the  infective  diseases  are  there  at  tlieir  maxi- 
tniini;  there  will  always  be  certain  localiticnt  in  which  the  childn^n  cannot 
be  healthy,  intelligent,  and  virtuous,  and  those  who  survive  iti  spite  of  the 
tilth  which  they  eat,  drink,  breathe,  and  live  in,  form  the  daiig*<rouR  classes, 
an  ever-present  menace  to  society;  while  on  the  other  hand,  there  also 
are  wealth  and  power,  and  the  greatest  possibilities  of  effective  super- 
vision and  control 

As  physicians  have  their  attention  mora  frequently  and  forcibly  oallcd 
to  the  evil  n-siiltjn  of  a  bad  sanitary  ciinditinit  of  the  jjcople,  they  are 
usually  tliH  KrHt  to  urge  legislation  on  the  subject.  But,  as  Mr.  Katon  re- 
marks: **  The  moment  we  attempt  to  exercise  politloal  power  for  sanitary 
purposes,  that  is,  to  use  the  government  for  compelling  citizens  to  observe 
the  general  conditions  of  public  health,  and  to  pay  the  penalty  of  the  in- 
friitgement  anil  the  cost  of  redress,  wo  must  not  soek  our  ollicial  force 
wholly  from  any  cine  prnfession." 

No  single  profession  lias  either  the  knowledgn  or  the  power  to  ac- 
complish such  work,  and  ultlmugh  it  may  he  hoped  that,  in  the  good  time 
ooming,  the  health  oflioial  will  ttombine  in  one  person  the  special  knowl- 
(%dge  of  the  physician,  the  lawyer,  the  engineer,  and  the  chemist,  yet, 
for  the  present,  members  of  each  of  these  professions  must  unite  to  secure 
good  work. 

If  it  be  agreetl  that  "a  requirement  of  good  sanitary  administration  is 
universality,  through  constant  supervision  by  public  health  ofBcors  in 
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every  put  of  the  oonntry," '  one  of  the  fint  things  to  decide  with  legard 
to  the  proposed  network  of  sanitary  officials  is  the  size  of  the  meshes,  or, 
in  other  words,  what  should  be  the  unit  of  area  for  administration.  Upon 
this  point  the  best  authorities  in  this  country  are  generally  agreed  thst 
the  most  practical  units  are  the  city  and  the  county. 

That  each  city  should  have  its  own  sanitary  authority  is  eiear,  ainee  it 
has  its  own  special  causes  of  disease,  and  its  limits  are  usually  well  de> 
fined,  geographically  as  well  as  politically. 

The  county  lines  are  usually  not  natural  boundaries,  and  have  no  rela- 
tion to  the  causes  of  disease  ;  but  at  first,  at  all  events,  it  will  be  difficult 
to  provide  sanitary  authorities  havi^  no  relations  to  existing  1^^  or 
political  organizations,  and  hence  these  last  must  be  carefully  coDsidered. 

Three  other  points  should  receive  attention  in  regard  to  the  unit  ol 
area.  The  JirU  is,  that  the  areas  should  be  identical  with  those  for  tiie 
registration  of  vital  statistics.  If  either  overlaps  the  other,  loss  of  utility 
and  power  will  certainly  result.  The  secomf  is,  that  for  purposes  of  super- 
vision, there  are  great  advantages  in  having  the  areas  as  nearly  as  possible 
conterminous  with  drainage  areas — in  other  words,  the  boundaries  should 
not  be  streams,  but  ridges,  and  this  remark  applies  to  all  units  of  area  for 
vital  statistics'.  The  Oiird  is,  that  as  far  as  possible  the  area  ahould  be 
large  enough  to  occupy  all  the  time  of  the  inspecting  and  executive  sani- 
tary forces.  The  larger  the  area  the  greater  the  ability  to  pay  for  the 
services  of  suitable  men  ;  and  trained  intellect,  combined  with  high  char* 
aoter,  is  an  expensive  article  to  provide,  although  it  is  in  this  case  certainly 
true  economy  to  do  so.  Moreover,  the  larger  part  of  the  work  can  only 
be  properly  done  by  men  having  a  medical  education,  and  these  men 
should  not  be  practitioners,  for  reasons  well  summed  up  by  the  English 
Board  of  HeiHh,  as  follows: 

.  .  .  t'  "  But,  where  possible.  It  will  be  well  to  debar  him  from  the 
private  practice  of  his  profession  : — first,  because  the  claims  of  such  prae* 
tioe  would  be  constantly  adverse  to  those  of  his  publio  appointment,  the 
duties  of  which  (especially  at  times  of  epidemic  disease,  when  liis  official 
activity  would  be  most  needed)  private  practice  could  scarcely  fail  to  in- 
terrupt and  embarrass;  secondly,  because  the  personal  relations  of  private 
practice  might  render  it  difficult  for  him  to  fulfil  with  impartiality  his 
frequent  functions  of  complainant;  and,  thinlly,  because,  with  a  view  to 
the  cordial  good-will  and  co-operation  of  his  medical  brethren,  it  is  of 
paramount  importance  that  the  officer  of  health  should  not  be  their  rival 
in  practice,  and  that  his  opportunities  of  admonitory  intercourse  with  sick 
families  should  not  even  be  liable  to  abuse  for  the  purposes  of  professionai 
competition." ' 

Attempts  to  combine  the  functions  of  a  health  officer  with  those  of  a 
physician  for  the  poor  have  been  often  made,  but  the  result  is  unsatisfac- 
tory.    It  is  undesirable  that  the  practice  of  a  physician  should  be  exclu- 

'  Beoond  Report  of  the  Ssnitmry  Commimion.  Vol.  11. .  Lond  .  1871.  p.  351. 
*  Oeneral  Board  of  Health  :  Inntmctional  Minnte  relative  to  the  Duties  and  Qaali- 
ficatioiu  of  Officers  of  Health,  in  Dlitriota  under  the  Public  Heoltb  Act,  1S18,  p.  S. 
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sively  among  the  poor,  bocftUftA  it  deprives  both  the  poor  and  the  rich  of 
tlio  benefit  of  wide  atid  varied  exporieucu,  a  lut»»  which  is  espocialty  appar- 
ent during  the  prevalence  of  epidemics,  uiid  the  area  which  can  properly  be 
assigned  to  a  medical  officer  tor  the  poor  is  much  smaller  tlian  tiiat  which 
can  be  given  to  a  properly  qualified  health  ofiicer.  Such  a  health  nl^cer 
can  properly  aiiperinteiid  an  urban  populatioa  of  from  l:iia,OUO  to  'ZW,WO.' 

There  is  a  marked  difference  between  city  and  country  as  to  the  char- 
acter of  information  which  may  be  obtained  as  to  causes  of  disease.  In 
the  city  wo  obtain  the  best  statistics,  but  the  country  affords  special 
facilities  for  obtaining  the  history  of  individual  cases  as  to  their  etiology. 

The  areas  being  delined,  the  next  question  to  be  considered  is  the  or- 
ganization, powers,  and  duties  of  the  Saniury  Board.  Should  the  specially 
akilled  hygienist  be  employed  merely  to  give  advic«,  as  iu  Frauce,  or  be 
made  an  integral  part  of  the  executive  organization? 

The  public  health  institutions  of  France  have  been  much  praised,  and, 
on  paper,  the  plan  of  a  council  of  experts  for  each  district  looks  well;  but, 
practically,  the  councils  of  health  of  tho  smallor  areas  really  do  nothing, 
and  the  advice  of  the  others  is  often  not  attended  to.' 

It  is  now  a  well-reoogiiizeil  fact  that  the  sanitary  organization  of  a  oily, 
to  secure  efficiency,  should  havo  certain  legislative,  judicial,  and  adminis- 
trative powers,  and  its  responsibility  being  great,  it  should  be  neither  too 
much  concentrated  nor  too  much  diluted.  The  execution  of  a  health  law 
cannot  be  a  matter  of  mere  routine;  it  requires  special  knowledge  and 
experience.  The  health  oflicials  are  not  simply  directed  to  do  a  speoifio 
thing;  they  are  to  discover  causes  as  yet  unknown,  to  devise  remedies, 
and  to  see  that  these  remedies  are  applied.  Tho  organization  for  this  pur- 
pose usually  preferred  is  a  board  of  health,  the  mnst  ocuu^iient  number 
fur  which  is  five,  an<l  it  sluuild  be  composed  of  men  of  diffl^^Burofessions, 
including  medicine,  law,  and  engineering,  although  the  pri^^u  executive 
officer  should  combine  in  himself  much  of  the  knowlrd;^'/   if  {ii--  llneo. 

How  are  the  beat  men  for  this  purpose  to  be  S'  ]  <  u-i  ,'  Xtulcr  elec- 
tion by  the  people  nor  appointment  by  municipal  Hiitiuiritifs  has  been 
found  to  give  uniformly  good  results.  What  the  rf.suita.  may  bo  are 
shown  in  the  case  of  New  York  City.  *'Men  elected  \>y  party  oaucnaos 
were  treated  as  competent  to  administer  tlic  science  of  health  and  to  solve 
the  problema  of  sanitary  precaution.  Health  wardens  and  other  officers 
were  allowed  to  bo  selected  and  salaried  without  limit  by  the  city  alder- 
men and  councilmcn.  It  is  no. wonder  that  the  exercise  of  sanitary 
authority  soon  became  a  greater  peril  than  miasma  and  contagion;  that 
political  doctors  becamo  the  agents  of  partisan  and  mercenary  city  offi- 
cials; that  mayors  of  New  York,  by  no  means  scrupulous  or  timid,  did  not 
dare,  for  a  whole  term,  to  even  call  a  meeting  of  the  New  York  Board  of 
Health;  that  of  tho  forty-eight  health  wardens  and  assistants,  more  than 

•  See  Brit.  Med.  Jour.,  Nor.  11.  1871,  p.  SCO. 

'See  Armiunjriind  :  De  noa  jnntitationsd'hyjpine  publlquc,  Paris,  1873,  8';  and  Re- 
«a«tlt]c*lravaux  tliiooioit<S  conaultatif  d'liTgi^ue  pobliqae  do  France,  Tomo  VIl.,  180B, 
p.  C8  «t  seq. 
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onC'half  were  keepera  of  oomer  graggeriea,  and  the  other  half  wen  parti. 
sail  ropeaten  and  bullies;  that  nearly  the  whole  sanitary  force  of  the  cJir 
was,  for  utility,  worse  than  a  sham,  and  was,  in  reality,  a  acandaJ  and  a 
peril  tu  a  civilized  rummunity.**  * 

In  no  other  city  have  the  results  been  so  bad  aa  thia;  but  the  TviUf  ii 
that  apiMiintments  arc  made  with  reference  to  political  influence,  and  thit' 
profe.Htiiunal  quulificatiuns  have  been  a  secondary  consideration.  To  ajh 
|irc(-iatc  the  causes  uf  this  it  is  iiect^ssary  to  refer  briefly  to  a  subject  much 
wider  than  and  inehidiuff  public  hygiene  in  the  special  technical  sense  in 
whioh  we  are  using'  that  phrasi*.  namely,  State  medicine,  which  indadn 
also  medical  rdueatimi  and  nuMlieal  jurisprudence.  Since  a  htrgt  pait 
uC  the  information  requires!  by  the  sanitarian  can  only  be  obtained  {ron 
medical  men,  wHomu  intellififtMit  co-operation  is  absolutely  essential  to  fail 
suceesH,  it  iti  evident  thiit  the  relations  of  the  physician  to  the  State  must 
stn>nf;ly  influence  the  |MWNibililies  of  public  health  orf^nization. 

Wlien  the  State  undertnkes  to  obtain  and  secure  pn>perly  educated  phr- 
sioians  for  its  citizens,  hy  tixiufr  dinM'tly  or  indirectly  a  minimum  staudanl 
of  qualification,  and  by  impfislnf;  [H>i>alties  or  disabilities  upon  those  who 
do  not  come  up  to  this  Rtandanl,  it  can  properly  call  upon  these  physicians 
for  aHsistance  in  preservinff  the  juiblic  health  to  an  extent  which  would 
be  not  only  unjUHt,  but  imj>osHil>le,  in  a  community  where  the  i^orant 
pretender  is  on  the  same  footinf^  as  the  aceomplishefl  physician.  This  is 
not  merely  due  to  the  fact  that  the  ptiyMiciiin,  like  other  members  of 
Koeiety,  has  the  ri^ht  to  demand  conqiensation  for  information  furnished 
or  for  services  rendered,  but  also  to  the  fact  that  the  ignorant  practitioner 
cannot  perform  the  tlutira  n*quircd  by  the  sanitary  authorities. 

Since,  inj|^|ajority  of  the  States  in  this  country,  there  are  no  legal 
re!itricti(in|^^^^7he  pra(*tice  of  medicine,  and  the  pro{>crIy  qualified  prac- 
titionerns^Pi  noispeeial  recognition  or  encouragement  from  the  State, 
thi!  only  my  in  wllch  the  State  can  justly  obtain  information  or  aid  from 
him  is  by  ptO^ftg^or  t>uch  fu>rvice. 

It  i»,  ''^Vf^'  (*xtrenii-ly  dilTicult  to  arrange  for  making  such  pay* 
mcnts  in  nioJ||j|^  nor  would  that  nif'tlio<l  be  satisfactory  to  the  physicians; 
and  AR  it  in  very  im)tortHnt  that  their  assistance  should  be  willing-Iy  fur- 
nished, it  is  much  better  that  the  comjiensation  should  be  indirect,  in  the 
Kha]>e  of  certain  privileges.  For  many  reasons  one  of  the  most  desirable 
of  these  privilf>gcs  is  that  the  physicians  interested  shall  have  a  voice  in  the 
selection  of  the  health  ol1i<>ial  or  ofTx-ials  with  whom  tliey  are  to  co-operate, 
and  shall  have  some  ]>enn)mcnt  and  recognized  niecns  of  representation 
in  tlie  councils  of  the  saiiitnr>'  authority. 

Through  lociil  medical  soeieties  it  is  usually  not  difficult  to  effect  this, 
so  far  as  the  pliysicians  are  concerned;  hence  the  resj>onsibility  of  effect- 
ing it  must  rest  almost  entirely  upon  the  appointing  powers  and  with  the 
health  officials  themselves.  As  yet  it  is  ilifficult  to  find  men  propeily 
qualified  to  i>erforni  the  duties  of  health  oflicera,  hut   tliens  is  no  doubt 


'  From  Huiitarj  Legislation  in  I^f;Iancl  on-l  Xcw  York,  ti}'  V.  U.  Eaton,  1872,  p.  81. 
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that  the  i^emand  will  cmate  the  supply,  ami  rvAn  now  a  suitable  man  can 
be  obtained  for  uii  a«lt^|itatu  <^nMiyHMtsatioii,  wliitrh  last  at  pmNont  iti  soMoiit 
or  never  offered. 

The  public  at  largo  in  this  country,  as  in  Ensfland,  *'  undcrrato  the 
knowIcdjTe  and  qualities  requisite  for  givinrr  trustworthy  advice  in  this 
direction,"  n<ir  is  tlio  iinportunoe  of  haviti^at  hand  an  authoritative  means 
of  seeing^  that  health  interests  are  consulted  in  all  public  buildings  or 
works  by  any  ineanH  appreciated. 

The  public  find  no  special  difficulty  in  securing,  by  election  or  appoint- 

it,  men  capable  of  aerving  them  as  legislators  or  administrators,  and 
do  not  see  why  a  different  mode  of  selection  should  bo  applied  to  sanitary 
officials.  But,  aa  jHiinled  out  by  Dr.  Leconte,  "the  men  of  science,  who 
carry  on  unceasing  war  against  the  oliildron  of  the  four  great  bogies-— 
self-will,  ignorance,  fear,  and  dirt — are  not  educated  by  the  processes  of 
the  common  school,  nor  are  they  elevated  to  position  by  the  votes  of 
their  fellow-citizens;  rarely,  indeed,  are  they  by  the  choice  of  the  poj>ular 
rule  placed  in  position  commensurate  with  the  usefulness  they  are  capable 
of  exercising.**  Dr.  I^oeonte  advises  as  a  remedy  for  this  **  that  tho  offi- 
cers in  whom  tho  power  of  appointment  resides  should  act  on  the  reeom* 
mendation  of  those  societies  or  organizations  wliich  have  been  formed  to 
promote  the  particular  branches  of  science  or  technical  knowledge  upon 
whioh  the  duties  to  be  performed  depend." 

The  question  is  oompUcated  by  the  existence  of  certain  schools  of 
medicine  which  claim  to  practise  in  certain  peculiar  ways,  anrl  that  these 
ways  only  are  correct.  The  homoeopathic  school,  for  instance,  althougli 
divided  in  opinions,  may  he  said  to  teach  that  the  methoils  of  practice  of 
the  great  majority  of  physicians  of  the  civilized  world  are  orroueous. 

Now,  while  it  may  bo  admitted  that  under  tho  police  power  each  State 
may  prescribe  the  qualifications  which  shall  he  possessed  by  practition- 
ers of  medicine  within  her  borders,  yet  it  is  in  the  highest  degree  inexpe- 
dient that  it  should  prescribe  what  form  of  medication  shall  or  shall  not  be 
«mploye(L  A  standard  of  education  is  a  very  different  thing  from  a  stand- 
ard of  action. 

The  combined  aotion  of  homoeopathic  physicians  in  preventing  the 
formation  of  State  boards  of  health,  or  in  causing  the  insertion  of  pro- 
visos for  the  appointment  of  honia'opathic  physicians  as  members  of  State 
boards  of  health,  has  been  several  times  exerted  successfully,  which  fact 
is  a  sufficient  proof  of  the  numbers  and  influence  of  this  school. 

Now,  while  there  is  a  sj>ocial  exclusive  homoeopathic  therapeutics,  no 
special  homceopathic  hygiene  has  as  yet  been  developed.  Some  Hahne- 
manniau  hommupaths  may  have  vent'  peculiar  ideas  as  to  the  cAUsatiou  of 
diaease,  but  even  they  do  not  deny  the  influence  of  filth,  contagion,  etc., 
and  hence  there  is  no  special  reason  on  their  part  for  not  uniting  in  tho 
destniction  of  these  causeg. 

There  are,  it  is  true,  good  reasons  wliy  skilled  sanitarians  prefer  to 
have  the  least  possible  association  with  practitioners  of  exclusive  views, 
with  men  wlio  publicly  proclaim  that  they  know  more  than  any  of  the 
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physiolof^ists,  pathologists,  or  otliur  well-rocognixod  soienlifio  investigators^ 
and  promotcni  oC  medical  knowledgo;  bmt  thcr  must  deal  with  such  mea  j 
until  the  Millenuium  comes,  aad  must  do  tho  best  they  can  with  their] 
statistics. 

To  what  extent  centralisation  of  goveruinentat  interference  to  seoura 
the  public  health  is  desirable  or  expedient,  is  a  serious  and  very  difBcult 
question,  tho  answer  to  which,  as  pointed  out  above,  cannot  and  should 
not   he  the  samo  in  diffeFciit  rountrics.     Some  would  have  the  central 
government  assume  entire  control  of  sanitary  matters,  registration,  quar- 
antine,  building  regulations,  etc.,  holding*,  in  fact,  views  analoj^us  to^, 
those  held  by  the  advocates  of  governmeut  supervision  of  railroads,  tele-  j 
graphs,  hours  of  labor,  and  wages.      A  curious  illustration  of  the  extent  I 
to  which  this  idea  may  bo  carrie<l  will  bo  found  in  Bentham's  scheme  oC ' 
flhe  duties  and  powers  of  &  health  minister,  forming  a  part  of  his  "  Con- | 
Btitutional  Code/''     Bentham's  health  minister  is  to  carry  out  all  lawi  ^ 
for  tho  preservation  of  the  public  health;   to  appoint  and  control  all  med-  1 
ical  officers  of  the  army,  navy,  public  charities,  etc.;  to  supervise  medical 
education,  pharmacy,  eta ;  to  have  charge  of  the  inspectioif  of  all  prisons, . 
asylums,  school 'houses,  and  other  public  buildings;  and  of  vital  statistics,  | 
weather  registration,  government  medical   museums,  systems   of  water- 
supply,  drainage,  etc.,  etc.     One  clause  is  so  curious  that  1  transcribe  it 
literally: 

"Art.  81,  VII.  H-o/easional  conftderactf-checking  function, — To 
the  health  minister,  under  the  direction  of  the  prime  minister  and  the 
legislature, —  ...  it  will  especially  belong  to  bo  upon  the  watch 
against  all  injury  to  tho  health  of  the  community,  by  the  operation  of 
particular  interests  in  the  breasts  of  tnedical  practitioners,  at  tho  expense 
of  public  interest:  for  example,  by  associations  among  themselves  for  tho 
fonnation  of  regulations  and  arrangements,  express  or  taoit,  concerning 
divison  of  labor,  rate  of  pajinent,  terms  or  mode  of  attcndanne,  or  other-  | 
wise." 

Evidently  our  code  of  ethics  and  medical  fee  bills  would  give  such  ft  j 
minister  abundant  employment. 

When  public  heaUli  becomes  a  matter  of  real  interest  to  a  nation,  the 
influence  which  attempts  to  control  it  may  exert  toward  centralizing  gov- 
ernment, even  in  other  departments,  is  important,  and  should  not  be  over- 
looked. The  desire  for  local  self-government  seems  to  many  a  great 
obstacle  to  sanitary  progress,  and  no  doubt  this  is  often  tho  case  ;  but 
an  attempt  should  bo  made  to  secure  both,  ratlier  than  to  sacrifice  either 
for  the  sake  of  tho  other.  In  the  first  place,  as  pointed  out  by  Mr.  Jenkins, 
there  is  a  dilTerence  between  central  supervision  and  central  administra- 
tion. The  first  is  seeing  that  others  do  their  duty;  the  second  is  doing 
duty  by  means  of  others.  '  In  the  one  case  thore  is  a  ciertain  amount  of 
independence,  in  the  other  there  is  none.* 

>  Tbe  Worlcs  of  Jer«my  Bentham,  Gdinbuisb,  1843,  VoU  IX. .  p.  448. 
*The  Medical  and  Legal  Aspects  of  Sanitarj  llef(»m,  by  A.  P.  Stewart  and  B. 
Jsnkins,  Loudoa,  16«7.  Sto,  p.  82. 
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Tn  fho  second  place,  rosponsibility  anil  accountability  should  bo  con- 
ivt'Otod  with  power  wherever  that,  may  b«>.  In  the  United  States, at  pres- 
ent, and  probably  for  some  time  to  comCf  only  local  sanitary  authorities 
have  power  to  deal  with  local  causes  of  disease,  and  they  should  ho  held 
responsible  for  any  evil  results  which  follow  either  their  failure  to  use 
that  power  or  their  improper  use  of  it,  just  as  the  individual  housoholiler 
li«»  power  to  abate  a  nuisance  on  his  premises  in  his  own  way,  but  is  held 
responsible  if  his  method  does  nut  prove  elfioacious. 

Jn  on]er  tliat  this  responsibility  may  exist,  there  must  be  some  means 
pf  enforcing  it;  »<ime  uuthnrity  which  shall  decide  as  to  whether  or  not  the 
houaeholder  or  the  niunici]>alitv  has  fultillrd  his  or  its  duty  to  the  com- 
munity, and  sball  enforce  penalties  or  damages  in  cases  of  neg'lect  or 
failure.  As  the  subject  of  causation  of  disease  is  a  technical  and  H(>ecial 
one,  some  organization  of  experts  is  necessury  to  obtain  and  furnish  in- 
formation with  rogTird  to  it,  and  to  decide  what  are  the  duties  of  individ- 
uaU,  corporations,  or  eonimunities  in  this  resjxjct. 

Such  organizations  in  this  country  are  known  as  boards  of  health. 
The  municipal  and  local  boards  of  health  are  chicily  occupied  in  fixing 
the  duties  and  rejjponsibilities  of  individuals.  The  State  boards  of  healtli 
should  deal  rather  with  the  duties  and  responsibilities  of  communities 
and  of  the  local  boards  just  referred  to. 

In  the  preparation  of  a  law  establishinj^  such  health  boards  some  very 
troublesome  questions  arise.  Many  difficulties  can  of  course  be  avoided 
by  giving  large  discretionary  powers  to  the  sanitary  authority  and  avoid- 
ing the  specifying  of  these  powers  in  detail.  Iti  this  manner  the  law  may 
be  made  brief,  and  in  appearance  very  simple;  and  it  alTonls  a  certain 
elasticity  and  means  of  accommodation  to  circumstances  which  might 
give  much  better  results  than  could  be  obtained  from  a  detailed,  fixed, 
and  uniform  code,  procUkd  that  the  $anitary  authoritie*  are  properitj 
qualijUd  perAons.  On  the  other  hand,  such  a  concise  law  must  confer 
powers  of  legislation,  and  indirectly  of  taxation,  to  an  extent  which  will 
be  repugnant  to  manvi  and  which  might  conflict  seriously  with  other  im- 
portant iDtcrests,  and  result  in  great  abuse.  A  certain  amount  of  auch 
legislative  power  must,  however,  be  conferred  upon  any  sanitary  organi- 
sation which  is  to  have  real  efficiency,  and  the  question  as  to  whether  the 
legislature  of  a  State  can  confer  such  power  was  decided  by  the  Supreme 
Court  of  the  State  of  New  Vork,  as  follows: 

"The  legislature  has  the  power  to  confer  the  authority  to  enact  and 
enforce  ordinances,  not  oidy  on  a  municipal  povernmeiit,  but  on  any  de- 
purtinent  of  &  ntunicipal  government,  as,  for  instance,  on  a  board  of 
health;"'  and  this  decision  was  reaffirmed  in  the  case  of  Polinsky  r. 
thn  State,'  with  the  qualifioation  that  such  ordinances  must  cover  of- 
fences only  which  are  not  covered  by  a  statute.'  The  statute  in  general 
terras  declares  the  violation  of  ordinances  passed  by  the  Board  of  Ilealth 
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'  P«>j>1e  tie  rd.  P.  Gox,  Hno,  7,  p.  314 
'Hun,  XVIII.,  p.  LOO. 
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to  be  a  mistlemeanor,  and  the  same,  or  aimther  statute,  fixes  the  penalty 
for  such  itiiBilomenTiors, 

Alluuton  has  already  been  made  to  the  importance  of  the  question  of 
roBt  in  sanitary  moasurns.aiid  in  framing  a  law  to  socuro  such  it  is  highly 
desirable  that  it  shall  show  as  clearly  as  possible  not  only  the  cost  of  the 
health  organization  it-self,  but  the  cost  of  the  measures  which  it  is  to  be 
authorized  to  carry  out. 

Also  it  has  been  pointed  out  that  the  common  law  covers  all  questionit 
not  specifically  settled  by  statute,  and  hence  a  vague  and  indefinite  stat- 
ute noon  becomes  of  \ht\v.  fnrceor  value,  since  it  will  be  promptly  overridden 
and  anperseded  by  judicial  decisions  baaed  on  the  common  law,  which  in 
Kanitary  tnattera  have  always  proved  to  be  of  little  utility.  On  tlie  other 
hand,  attempts  to  provide  8|jec'itically,  us  far  as  possible,  by  statute,  for  all 
emergencies,  leads  to  great  prolixity,  and  may  even  have  the  effect  of 
making  the  law  unintelligible  except  to  a  few  specially  skilled  lawyers, 
leaving  the  average  cilixen  vpry  niui'h  in  the  dark  as  to  how  it  affects 
him.  For  inslant-c.  the  act  creating  a  Metropolitan  Sanitary  District  and 
Board  of  Ueattii  for  the  City  of  New  Vork,  passed  in  IHGti,  was,  from  a 
legal  point  of  view,  in  most  respects  very  satisfactory,  but  it  would  require 
a  large  and  very  carefully  prepared  volume  of  commentary  to  enable  the 
average  nierdiant  or  practising  physician  to  understand  its  full  scope. 

Again,  it  must  l>e  remembered  that  the  fact  that  legi.Htative,  execu- 
tivci  and  judicial  powers  liave  been  conferred  on  a  boanl  of  health,  does 
not  do  awny  wiih  its  responsibility  for  the  results  of  their  exercise.  If  it 
destroys  properly  on  the  ground  that  it  is  a  niiisatvoe,  it  must  h«  able  to 
prove  conclusively  that  it  is  a  nuisance.  If  it  authoriKes  the  construction 
of  a  hospital  for  contagious  diseases,  in  a  given  locality,  it  must  be  held 
responsible  for  the  results,  and  I  he  remedy  for  those  to  whom  t!ie  hospital 
proves  a  nuisance  should  be,  under  the  common  law,  in  a  court  other  thai) 
the  hoard  itself.  Experience  has  shown  that  when  cases  of  this  kind  urv 
tried  before  a  jury,  the  probability  that  they  will  be  decided  according  to 
their  real  merits  is  small,  and  hence  the  decisions  in  the  New  York  courts 
to  the  effect  that  trial  by  jury  cannot  bo  insisted  ori  arc  regarded  as  very 
important.'  It  must  be  noted,  however,  that  the  reason  why  trial  by 
jury  w^as  not  insisted  on  by  the  eourt  was  because  a  jury  had  not  been 
the  ordinary  tribunal  for  such  cases,  and  hence  the  decision  would  have 
littlo  weight  in  another  State;  in  fact,  it  has  been  expressly  decided  in 
KfaKKachnsell!>  that  the  right  of  trial  by  jury  canimt  be  superseded  bj*  the 
State  board  of  health. 

This  decision  was  given  in  the  case  of  Sawyorr.  State  Boanl  of  Health, 
in  which  It  was  claimed  by  the  petitioner  that  if  the  statute  of  1871  ap- 
plies to  his  buildings  and  trade,  and  deprives  Idmof  the  riglit  of  appeal  to 


'  S»e  0.  B.  Reynolds  e.  J.  S.  Schulis  at  aL,  Rotwrtnon's  Rvpts.  Snp.  Cemt  Citjr  of 
X.  y..  IV.,  im».  p.  2S2.  and  the  MetropoIiUin  Board  of  Health  c.  J.  Hcister,  Tiffany** 
ReptjL  Court  of  AppealH,  >^tAto  of  N.  Y..  \m>i,  Vol.  XXX..  in  whioh  last  the  di»- 
aenting  otiioious  by  three  mtimbera  of  the  oonrt  bIiouM  Ihi  carefully  cooaidered  by 
thooa  eoffoffed  in  framing  a  hflnltU  law. 
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a  jury,  it  U  unconstitutional;  while  it  was  claimed  on  the  part  of  the 
board  that  the  statute  is  simply  a  Hccumr  law.  TIip  statute  in  question  ia 
as  follows;  **  Whenever  in  any  city  or  town  containiii^r  more  than  four 
thousaixl  inliabitants,  any  buihling  or  premises  all  oceupied  or  used  by 
any  jH?rson  or  persons  or  corporation  for  carrying  on  the  bu&ine-ss  of 
alaughtcring  cattle^  sheep,  or  other  animals,  or  for  melting  or  rendering 
establishments  or  for  other  noxious  or  ofEeusivo  trades,  the  State  Board  of 
Health  may,  if  in  their  judgment  the  public  health  or  the  public  comfort 
and  convenience  shall  require,  order  any  person  or  persons  or  corporatinns 
carrying  on  said  trades  or  occupations,  to  desist  and  cease  from  carrying 
on  said  trades  or  occupations  in  such  building  or  prem  Ises,  and  any  person 
or  persons  or  corj>oratiou  continuing  to  occupy  or  use  siioli  building  or 
premises  for  carryitig  un  said  trades  or  occ'iipiilioiis,  aftt-r  being  ordcrwl  to 
desist  and  cease  therc^from  by  said  boiird,  slmll  forfeit  a  sum  not  exceed- 
ing two  hundred  dollare  for  every  month  ho  or  they  continue  to  occupy 
and  use  such  buildings  or  premises  for  carrnng  on  said  trades  or  occupa- 
tions after  b*'ing  ordered  to  cease  and  desist  therefrom  by  said  board  as 
aforesaid,  and  in  like  proportion  fur  a  longer  or  f»hortcr  time:  provided 
that  on  any  application  to  said  board  to  exercise  the  powers  in  this  sec- 
tion conferred  upon  them,  a  time  and  place  for  hearing  the  parties  shall 
be  assigned  by  said  boanl  and  due  notice  then^uf  given  to  the  party 
against  whom  the  application  is  made,  and  the  order  hereintofore  pro- 
vided shall  only  bo  issued  after  such  notice  and  hearing." ' 

The  boards  of  health  of  towns  have  the  same  power,  but  they  are  not 
obliged  to  give  notice  and  hearing. 

The  court  goes  on  to  say :  "  It  is  undoubtedly  true  that  the  mayor  and 
aldermen  or  selectmen  may  authorize  in  writing  the  carrying  on  of  noxious 
or  offensive  trades  at  a  certain  place  in  a  oity  or  town  of  more  than  4,000 
inhabitants;  and  the  day  after  the  occupancy  commences  the  State  board 
of  health  may  give  a  notice  and  hearing  to  tho  party  thusauthorixed,  and 
may  issue  an  order  forbidding  tho  use  of  that  place.  Did  tho  legi-slature 
intend  that  tlie  town  board  of  health  might  theti  again  anthorixe  the 
satnt*  business  in  the  same  place,  to  bo  again  prohibited  bv  the  State 
board  of  health  V  Wo  can  no  more  suppose  that  tho  legislature  intended 
to  introduce  this  conflict  and  eonfusiofi  into  the  law  than  that  it  intended 
by  implication  to  submit  the  whole  system  of  regulation  by  absorption 
int^  a  general  authority  of  proliibitinn  all  over  the  commonwealth  by  a 
fioard  composed  of  only  seven  members,  serving  without  compensation, 
and  necessjirily  strangers  to  the  great  majority  of  the  various  municipali- 
ties, and  unacquainted  with  their  local  interests.  The  only  construction 
which  we  can  give  to  tho  statute  consistent  with  the  constitution  of  tho 
commonwealth,  with  existing  laws  recognized  by  the  act  itself  as  still  in 
force,  with  the  general  policy  of  the  legislation  upon  the  subject,  is  to 
H  treat  the  power  given  by  the  statute  as  given  subject  to  the  same  limita* 
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aama  subject,  and,  of  course,  with  the  samo  right  of  appeaL  This  con- 
struction of  the  statute  preserves  the  gcntjra)  system  provided  by  Uw  nii*fl 
impaired;  it  simply  gives  to  the  State  board  of  health  jurisdiction, 
whether  coricurretit  with  the  town  boards  or  exclusively,  it  is  not  material 
to  this  case  to  incjuirc,  in  cities  and  large  towns  to  do  what  may  l»e  dona 
in  every  town  of  the  commonwealth  by  the  local  board  of  health;  but  wa 
do  not  think  that  it  was  the  purpose  of  the  legislature,  nor  does  the 
languagu  of  the  act  compel  tia  to  aay  that  its  cfTeot  is  to  deprive  the  party 
of  that  rigbt  of  trial  by  jury  to  which  the  citizens  in  such  cases  liave  been 
BC(!U»tonied  for  nearly  two  centuries.  .  ,  ,"  "Them  is  a  peculiarity  in 
this  proceeding  which  quite  distinguishes  it  from  the  ordinary  rules  which 
govern  appeals.  The  appeal  to  a  jury  does  not  vacate  the  order.  It  re- 
mains in  full  force  till  annulled  or  altered.  If  not  annulled  or  altered,  it 
still  stands;  if  altered,  it  stands  as  altered.  If  the  alterations  mAde  are 
absolutely  impracticable,  the  onlor  still  stands  just  as  if  the  original  order  ■ 
had  been  made  in  the  terms  of  the  order  as  altered  by  the  jury;  and,  if  the 
original  ortJer  hud  contained  the  same  regulations,  we  certainly  could  not 
say,  as  matter  of  law,  tliat  the  order  was  void.  At  any  rate,  wc  could  not 
Siiy  that  it  was  void  so  far  aa  the  restrictions  which  it  was  competent  for  , 
the  board  of  health  to  make  were  concerned,  whatever  may  bo  aaid  as  to 
any  restrictions  which  it  was  not  within  their  power  to  make,  and  whatever 
the  board  of  health  may  do  the  jury  may  do,  and  with  the  same  effect,'* 

I'his  diversity  of  opinion  between  the  juilieiary  of  Massachusetts  and 
that  of  New  York  is  more  apparent  than  real,  but  illustrates  the  remarks   m 
made  above  as  to  the  uncertainty  of  the  common  law,  and  the  need  of  H 
groat  care  in  preparing  statutes  relating  to  this  subject,  and  also  the  diffi* 
oulties  in  the  way  of  making  a  board  of  health  a  Hnal  court  of  appeal. 

The  necessity  for  oaro  in  preparing  a  law  on  this  subject  will  also  appear  fl 
from  the  following  considerations:  It  is  desirable  that  a  municipal  board 
of  health,  or  its  properly  aitt)iuri/,ed  agents,  slmll  at  all  times  have  the 
right  to  enter  into,  or  upon,  any  premises  for  purposes  of  sanitary  inspec- 
tion, and  to  call  upon  the  police  to  aid  it  in  the  execution  of  its  orders; 
but,  on  the  other  hand,  the  principle  that  every  man's  house  is  his  castle^ 
that  is,  that  "  no  man's  house  can  be  forcibly  opened,  or  he  or  his  goods  bo 
carricfl  away  after  it  has  thus  been  forced  except  in  cases  of  felony,  and 
then  the  sheriff  must  have  a  warrant,"  is,  as  explained  by  Licber,  one  of 
the  special  means  by  which  personal  liberty  is  secured  in  Anglican  com- 
munities, and  this  principle,  together  with  that  of  the  proliibition  of  gen- 
eral warrants,  should  be  preserved  as  far  as  possible.  The  means  by  which 
the  sanitary  code  is  to  bo  enforced  should  be  distinctly  stated  in  the  cods  ^ 
iteelf.  M 

It  is  also  desirable  that  the  act  should  define  clearly  the  meanings  in 
which  Buch  words  as  the  fallowing  are  used,  viz.;  Persons  {to  include  cor* 
poratioiis);  owner  (to  inrhide  agent  or  trustee);  land,  drain,  sewer,  street, 
house,  reiKirt,  permit,  light,  adulteration,  etc. 

In  attempting  to  remove  a  municipal  health  department  aa  much  as 
possible  from  the  arena  of  politics,  the  question  will  arise  aa  to  whether  it 
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io  hare  direct  charge  of  such  matters  as  street-cleaning,-removal  of 
garbage,  etc.  It  is  extremely  Hinioiilt,  if  not  impossiblo,  to  imposo  such 
ilutitts  upon  a  board  of  health  witliuiit  iiijuriug^  it»  character  as  a  ncicntifio 
ond  expert  votntnidsion  and  burdening  it  with  a  [uitroimgo  which  it  is  not 
desirable  that  it  should  possess;  and,  on  the  other  hand,  it  neettis  desirable, 
for  the  sake  of  prornptnoss  and  cfliciency,  ns  well  as  to  avoid  multiplica- 
tion of  officers  and  division  of  responsibility,  timt  the  board  of  health 
•hould  have  some  control  of  euch  mattera. 

No  gennral  rule  e-an  Iw*  hiiil  down  on  this  subject,  but  it  would  appear 
that  usually  the  details  of  such  work  had  better  be  left  to  the  police 
aathorities;  while  the  health  authorities  should  advise  as  to  what  should 
bo  done,  and  inspect  and  report  upon  the  methods  of  |>crformanco  and 
the  resuhs  oi>tainod. 

If  a  munieipnl  board  of  health  be  properly  constituted,  so  that  its  rela- 
tions with  the  uiajoritv  of  the  medical  profession  are  Inirmunions,  it  is 
extremely  desirable  that  it  should  bo  charged  with  the  ji;«noral  supervi- 
sion of  all  medical  charities;  such  as  hospitals,  dispensaries,  and  asylums; 
which  receive  support  entirely  or  in  part  from  the  public  funds,  and  that 
it  should  have  power  to  roquiro  from  them  such  reports  and  statistics  as 
it  may  deem  necessary;  in  fact  all  publio  raediual  attendance  furnished  to 
the  poor  might  well  be  under  the  supervision  of  the  sanitary  organization, 
and  even  private  medical  eharitiea  should  of  thoir  own  accord  invite  inspec- 
tion by  its  officers,  and  furnish  to  it  statistics  and  reports. 

A  municipal  board  of  health  should  also  be  charfjcd  with  the  sanitary 
inspection  of  alt  schools,  public  and  private,  and  should  have  power  to 
direct  the  abatement  of  any  nuisances  in  them,  to  prevent  overcrowding, 
and  to  decide  under  what  circumstances  a  cliild  shall  not  be  permitted  to 
attend  the  school — as,  for  instance,  how  long  a  time  must  elapse  after  an 
attack  of  measles  or  scarlatina  before  the  patient  shall  Iw  allowed  to  rejoin 
his  playmates,  and  this  not  only  in  general,  but  in  particular  instances. 

In  all  hvaltli  boards,  municipal,  State,  or  national,  it  is  ini[Kirtant  to 
•ecurc  a  certain  degree  of  continuity  of  menibership,  and  esperially  is  this 
the  case  in  this  country,  whore  there  are  as  yet  very  few  specially  trained 
sanitarians,  and  where  those  appointed  must  therefore  necessarily  spend 
(totne  time  in  actpiiring  by  experience  tlie  knowledge  aitil  ability  to  }>nip- 
crly  perform  their  duties.  Hence,  the  period  of  service  may  well  l>e  from 
three  to  six  years,  and  it  should  be  so  arranged  that  only  a  minority  of  the 
b»oard  shall  go  out  of  office  at  one  time.  The  continuity  of  the  board 
should  also  be  secured  by  the  keeping  a  full,  and  accurate  record  of  its 
prooe-e.iinj;rs,  with  files  of  all  c<irre8i>ondence,  reports,  ct^.  So  important 
is  thin  tluit  some  means  should  be  provided  whereby  an  inspection  of  these 
rooorda  and  files  shall  be  made,  both  at  stated  and  irregular  intervals,  by 
some  authorized  and  prn()erly  qualified  agent  of  the  appointing  power  in- 
dei>endent  of  the  board  itself. 

It  should  also  be  observed  with  regard  to  these  records  and  reports  that 
many  of  them  should  be  considered  as  strictly  confidential;  In  fact,  unless 
it  is  well  known  that  this  la  the  case,  it  will  be  found  almost  imf>ogsible  to 
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secure*  from  tlio  mcdicnl  profession  some  of  tlie  reports  which  are  niflai 
essential  and  important. 

What  a  boanl  of  health  needs,  and  should  strire  above  ovenrtliing 
eiHe  to  obtain,  is  prompt,  full,  and  accurate  informntiari  with  ri'j^rd  to 
all  matters  under  its  charge,  and  it  should  use  all  mf'Anii  to  encoura|0^ 
and  stimulate  the  furnishing  of  such  information,  and  in  paKicular  11 
shotild  lake  the  greatest  cure  to  prevent  tlie  use  for  private  purposes  of 
any  reports  made  to  it.  Nor  sliauLd  the  board  by  any  means  cunliue  itself 
to  information  furnished  by  its  own  special,  repularly  salaried  agents. 

When  a  speciiil  subject  retjuiros  investigation,  it  should  endeavor  to 
secure  skilled  labor:  to  get  the  man  who  probably  is  best  Att^nl  to  e*rry 
out  the  rescan-h*  and,  above  all  things,  to  avoid,  not  merfly  the  making  of 
{jolitical  ap|>ointniciits,  but  the  incurring  the  suspicion  of  making  such. 

Its  success  will  depend  largely  upon  its  relations  with  the  better  class 
of  the  medical  prr>fes.sion,  upon  its  securing  the  interest  and  ro-o|>rration 
of  the  leading  physicians  of  ibo  community  who  form  the  tribunal  by 
which  it  will  be  judged. 

The  branclics  of  medical  knowledge  with  which  it  is  most  desirable 
that  the  health  ofBcer  should  be  familiar  are  not  those  most  nearly  related 
to  therajjeutics,  and  ilie  most  tUHtinguisheil  practitioner  of  a  neighborhood 
.may  nut  he  hy  any  means  the  person  best  qualifiGd  for  a  sanitary  appoint- 
ment, alifauugh  taut  an<l  good  sense  are  equally  ncnyssary  for  both. 

liut  the  health  oRicer  should  be  a  good  diagnostician  and  pathologist; 
he  should  bo  thoroughly  qualified  to  till  the  position  of  coroner,  and  prob- 
ably it  would  in  most  cases  be  best  to  merge  the  duties  of  that  office  with 
hia  own. 

And  finally,  in  the  words  of  Dr.  Letbeby:  "  Tlierc  are  many  oocaaii 
especially  those  of  secondary  importance,  which  occur  most  frequcnth 
when  an  oflioer  of  health  acts  as  an  intermediate  agent  between  the  public 
and  the  admiiiistratiun,  when  Ins  fmtotionsare  those  of  a  conciliator,  when 
he  has  to  listen  to  complaints  of  grievances  on  one  side,  and  angry  re* 
criminations  on  the  other. 

"Judging,  however,  solely  of  the  question  of  public  safety  and  publ 
health,  and  disregarding  or  calming  ilown  the  animosities  with  which  tbo 
complaints  are  too  often  bestU,  be  shouhl  endeavor  to  decide  in  such  wii 
as  to  satisfy  the  demands  of  the  administration,  as  well  as  the  reasnna 
objections  of  opponents.  His  advice,  indeeil,  should  be  such  aa  will  nnt 
only  meet  the  requirements  of  the  case,  but  will  also  gain  the  atwent  of 
every  good  citizen.  Above  all,  he  should  oven  oppose  himself  to  all  vexa- 
tious and  litigious  proceedings,  to  all  unfounded  misapprehensions,  and 
to  all  exaggerated  views  of  public  sanitary  questions;  for  nothing  is  moro 
likely  to  impede  the  progress  of  knowledge,  and  to  bring  the  functions  v( 
his  office  into  disrepute,  than  the  unchecked  fancies  of  visionan,'  alormists, 
or  the  still  more  mischievous  opinions  of  sensational  agitators.'* ' 


<  H.  Iieth«b(r:  On  the  QaallRcatioiia  aud  Dattes  of  an  Officer  of  Hoidtti, 
1807,  13mo,  p.  Ifl. 
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Much  of  what  has  been  said  with  rcg-ard  to  manioipal  or  looal  boards 
will  apply  also  to  State  boards  of  licalth. 

The  State  board  of  health  should  be  the  central  superviBing  authority, 
havinr;  much  the  same  relatioiui  to  local  boards  that  the  local  board  haa  to 
tlic  houiictholder. 

ha  riinetiotiH  may  be  claaacd  roughly  as  follows: 

Ist.  To  promote  the  orjpiiii/.ation  of  local  and  municipul  hoards. 

2d.  To  obtain  medical  and  vilal  statistics. 

3<1.  To  investijrate  the  causea  of  undue  siclcuess  and  mortality,  as  in- 
dicatc<t  by  these  statistics. 

4th.  The  removal  of  these  causes,  acting  as  far  aa  possible  through  the 
local  sanitary  authorities. 

dth.  The  su})ervision  of  the  hyg;ieno  of  State  institutions,  auoh  as  pris- 
ons, insane  asylums,  workhouses,  etc. 

(>th.  The  supervision  of  quarantine. 

There  are  now  in  existence  in  the  Unit«d  States  nineteen  State  boards 
of  health.  For  the  details  of  iej^islation  wiih  regard  to  these,  reference 
may  be  made  to  the  discnurse  of  iJr.  H.  1.  B<i\Tdtti>h  on  "  Public  Hygiene 
in  America,"  Boston,  lb77.  8vo;  and  more  especially  to  the  appendix  by 
H.  G.  Pickering,  entitled  a  Digest  of  American  Sanitary  Law. 

\  ery  much  of  this  legislation  as  regards  State  hoords  of  health  is, 
however,  merely  theoretical,  and  has  no  actual  practical  npj>lication. 

The  code  looks  well  on  paper,  but  has  no  real  force,  and  from  an  ex- 
amination of  existing  statutes  only,  it  is  impussible  to  tell  what  the  real 
powers  and  duties  of  the  State  sanitary  organizations  actnally  are.  Of 
the  nineteen  State  boanls  of  heaUli  now  existing,  more  than  one-half 
have  no  sufhcient  mcaiia  or  powers  tjo  perfonn  the  duties  imposed  on  them 
by  statute. 

It  would  be  useless,  therefore,  to  comment  on  the  differences  in  these 
or^nizations,  but  sfnne  of  llieni  ore  so  peculiar  as  to  merit  a  brief  notine. 

The  Slate  Board  of  Health  of  Massachusetts,  which  is  the  most  firmly 
established  of  all,  has  the  peculiar  power  of  acting  as  a  court  with  regard 
to  nuisances  throughout  the  State,  and  until  recently  its  decisions  were 
considenxl  as  flnal.  At  present  the  party  upon  whom  thit  onler  of  the 
board  of  health  is  served  has  the  right  of  appeal  to  a  jury,  as  above  re- 
ferred to;  but  while  the  appeal  is  pending  the  order  of  the  board  remains 
in  force.  The  members  of  the  board  serve  without  compensation,  nnti  the 
eflficiency  of  the  system  depends  mainly  on  the  secretary. 

The  State  Board  of  Health  of  Alabama,  by  Act  of  1S75,  is  made  iden- 
tical with  the  State  Medical  Society.  This  organization  has  not  yet  been 
at  work  long  enough  to  show  its  capabilities  for  g<M>d  or  evil,  nor  indeed 
has  it  been  intrusted  with  more  than  advisory  powers,  being  in  fact  very 
much  like  a  French  departmental  ronm'tl  de.  saute. 

It  is  claimed  for  it  that  it  is  a  self-perpetuating  corporation^  composed 
exclustvely  of  medical  men,  which  defines  its  own  duties,  directs  its  own 
operations,  and  ap[>oints  its  own  agents,  and  is  thus  filared  beyond  the 
control  of  local  and  political  inllucnces,  and  that  it  secures  to  the  Stato 
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the  largest  amount  of  the  beat  work  at  the  least  riak  and  amallest  posn- 
hie  expenditure  of  monev;'  and  in  this  there  is  much  truth,  but  bo  iockg 
as  its  powers  are  meruly  advittory,  no  specially  guod  results  can  be  ex- 
p4frtiil,  and,  so  far  as  ccoiioiny  ia  coiicern<M],  this  is  by  no  niRana  ideiiticml 
with  chcaptiess.  The  State  Uoanlof  Health  tif  North  Carolina  waa  organ- 
ized on  the  aamo  plan,  and  allowed  tlW  for  its  yearly  expenses.  When 
Alabama  or  North  Carolina  allows  to  its  State  Board  of  Health,  as  at 
prt^acnt  eonEtituted,  about  ♦20,000  por  annum  for  exjienses,  and  confers 
on  it  HUL'li  Icg'ialutiTe,  executive,  and  judicial  powers  aa  were  given  to  the 
Mf'trnpolitan  IJoard  of  Health  of  the  City  of  New  York,  it  will  try  a  very 
intnrcHtin^  experiment,  the  results  of  which,  whatever  they  mig-ht  be, 
would  bo  well  worth  the  mniual  api)roprialion  for  two  or  three  years. 

The  State  Board  of  Health  of  Illinois  has  more  extensive  duties  and 
theoretical  powers  than  any  other  similar  or^nization  in  this  country. 
It  is  composed  of  seven  porsaiis,  who  hold  llieir  ofliee  for  seven  years,and 
it  is  declared  by  the  statute  that  "they  shall  have  chai^  of  all  matters 
pertaining  to  quarantine,  and  shall  have  authority  to  make  such  rules 
and  reg-ulations,  and  such  sanitary  investigations,  as  they  may  from  time 
to  time  deem  necessary  for  the  |)reservatio)i  or  improvement  of  the  publie 
lic-iilth,  and  it  »hall  be  the  fluty  of  all  police-officers,  sheriffs,  constables, 
and  all  other  oflicors  and  employees  of  the  State  to  enforce  such  rules  and 
regulations  so  far  as  the  efliciency  and  success  of  the  board  may  depend 
upon  their  oflicial  co-operation."  If  it  were  not  for  the  last  sentence,  this 
would  certainly  seem  to  pive  the  board  almost  unlimited  power;  but  this 
clause  is  of  very  doubtful  meaninjf,  since  it  does  not  appear  who  is  to 
(ieoidc  OS  to  when  the  "  cfEcioncy,  etc.,  depend,"  etc. 

Another  peculiarity  in  the  dulies^nd  powers  of  this  board  is  shown 
in  the  following  extract  from  a  decision  of  Jiid^e  Williams,  delivered  at 
the  October  term  of  the  Cook  Circuit  Court,  in  187^,  in  tbe  case  of  Nathan 
J.  Aikin  v.  State  IWrd  of  Health: 

"It  (the  State  board  of  health)  is  oonafituted,  amon^  other  things,  to 
have  charpe  of  nii-dii-Hl  prat^ticc  and  medical  practitioners  in  this  State, 
and  it  is  its  rijarht  and  duty  to  have  surveillance  of  the  professional  con- 
duct of  physiciatiH  by  the  lan^ua^  of  the  act  of  incorporation.  Any  per- 
sons guilty  of  unprofessional  conduct  may  be  by  it  refused  ccrtihcatea, 
and  any  persons  having  cortificalcs  who  were  guilty  of  unprofessional  con- 
iluct  may  have  their  certificates  revoked  by  the  hoard.  Ilic  object  of  the 
incorporation  <jf  the  board  is,  ami)ng  other  things,  to  secure  a  higher  pro- 
fessional standard  In  the  medical  profession.  It  is  to  exclude  empiriea  and 
empiricism  from  the  profession,  Tlie  duties  of  the  board  are  vari<tu3,  and 
the  interests  intrusted  Ui  its  keeping  affect  all  ctaHses  of  the  community, 
and  affect  them  in  the  most  vital  points.  The  character  of  its  duties  is  in 
part  set  forth  in  the  second  section  of  the  act  creating  the  board.  '  The 
State  board  of  health  shall  have  the  gi'neral  supervision  of  the  interests 
of  the  health  and  life  of  the  citizens  of  the  State.    They  shall  have  char^ge 
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of  all  matters  pertaininij  to  quarantine,  and  shall  have  authority  to  make 

tauch  niles  and  reflations,  and.  such  sanitary  investigations,  as  they  may 
from  time  to  time  deem  necessary  for  the  preservation  or  improvement  of 
public  health/  and  all  poHce-olIicers,  slierilTs,  and  other  employees  of  tlio 
State  are  required  to  enfurcu  its  rules  itud  regulations  so  far  aa  the  effi- 
ciency of  the  board  may  dejjend  upon  their  co-ojwralion.  Such  a  board 
must,  from  the  necestiity  of  the  case,  be  vested  with  a  UiTge  discretion. 
And,  in  die  legitimate  exercise  of  its  discretions,  it  ought  not  to  be,  and 
cannot  he,  projierly  controlled  by  judicial  tribunals.  The  duties  of  the 
board,  with  reference  to  the  sanitary  condition  of  the  jKHiple,  brin^  it 
into  such  relations  to  the  medical  prufesciioii  as  fit  il  to  determine  the 
necessary  qualiKcations  of  its  members,  and  to  judg*  of  the  propriety  or 
impropriety  of  their  professional  deportment^  The  law  hiis  devolved  this 
and  similar  dutif^s  upon  the  board,  and  it  has  created  no  other  corporation 
in  the  State  for  a  like  purpose,  uor  has  it  given  to  any  State  ofTicer  super- 
vision over  the  board  in  the  discharge  of  its  appropriate  duties  and  tho 
exercise  of  its  legitimate  discretions.  A  physician  may  be  guilty  of  un- 
professional and  dishonorable  cnndunt,  and  not  of  criminal  conduct.  It 
would  have  been  s  work  of  supererogation  in  the  law-iuakers  to  Iiavo 
vested  the  board  of  health  with  the  supervision  of  the  unprofesiftonal  con- 
duct of  the  ir':>(lical  practitioner,  if  unprofessional  conduct  and  criminal 
conduct  weic  synonymous.  As  a  citixon,  the  phy.sician  is,  with  every 
other  citizen,  answerable  to  the  criminal  laws,  and  a.s  an  alleged  criminal 
is  liable  to  be  arraigned  before  our  courts.  It  is  only  as  a  physician  that 
he  is  liable  to  have  his  professional  conduct  inquired  into  and  brought  be- 
fore the  State  board  of  health.  The  term  unprofe!««ional  is  therefore  far 
wider  than  criminal.  Many  acts  would  be  unprofessional  that  were  not 
criminal;  some  acts  that  wore  criminal  might  not  be  estoenied  utiprofes- 
sioiwL  What  is  professional  conduct  can  only  be  determined  by  bringing 
the  act  to  the  professional  criterion,  antl  who  so  well  qualified  to  judge  of 
the  proper  professional  criterion  for  tlie  medical  profession  as  a  board  con- 
stituted, as  llie  bill  shows  this  board  to  be,  of  seven  gontlcmon,  five  of 
whom  arc  physicians,  and  a  board  created  for  sanitary  purposes,  and  ac- 
customed to  sanitary  investigation  ?  The  *  unprofessional '  conduct  which 
authorizes  the  board  to  exclude  a  physician  irom  the  profession  does  not, 
therefore,  mean  necessarily  criminal  or  immoral  acta,  but  such  conduct  as 
is  inconsistent  with  the  honorable  practice  of  the  profession;  and,  in  judg- 
ing of  such  conduct,  the  board  of  health  has  a  wide  discretion,  and  in  its 
exercise  courts  ought  not  to  interfere  with  it." 

Tliis  decision  has  been  appealed  from,  and  the  result  cannot  be  pre- 
dicted, but  among  observant  sanitarians  there  is  a  fear  that  if  mat- 
ters take  the  usual  course,  there  will  be  a  reaction,  and  that  the  de- 
scription of  tho  course  of  public  hygiene  in  England — viz.,  that  it  has  con- 
sisted in  taking  three  steps  forward  and  two  backward — will  also  apply 
here. 

Tho  act  to  establish  the  State  Board  of  Health  of  Illinois  must  bo 
taken  in  connection  with  the  act  passed  at  the  same  time  to  regulate  the 
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practice  of  medicino  in  the  State,  \fY  which  the  board  of  h<^Alth  is  giT«t 
Hupervisioii  over  niedicnl  vducation,  aod  acts  as  an  examining  board  iu  is- 
suing licenses  to  practise.' 

Whatever  may  be  thought  of  this  provision,  il  eertiiinly  seems  emi- 
nently deJiirable  and  proju-r  that  a  State  Ixiard  of  health  sJiould  provide 
some  machinery  for  examining^  and  certifying  to  the  6tncs8  of  coudidates 
for  positions  as  local  health  officera. 

The  result  in  Illiuoi»  has  been  that  of  3,G00  noa -graduates,  who  were 
practising  medicine  in  the  State  when  the  act  wont  into  effect,  about 
1,-tOO  have  left  the  Slate,  or  ceawd  to  practise.* 

By  the  tenth  amendment  to  the  (Constitution  of  the  United  States,  it 
is  provided  that  "the  powers  not  dele]^1c<i  to  the  United  States  by  the 
Constitution,  nor  prohibite<l^>y  it  to  the  Statett,  are  reserved  to  the  States 
respectively,  or  to  tlie  people,*'  Jt  is  under  this  clause  that,  aa  has  been 
shown  by  judicial  decisiuns  (juotcd  above,  the  police  power  is  reaer%*ed  to 
the  several  States,  and  docs  not  belong  to  the  General  Government,  except 
as  regards  the  District  of  C'oluinbia  ;  and  hence  there  are  special  diBicuU 
ties  in  iho  way  of  giving  any  adniintsiraiive  powers  to  any  eentral  sani- 
tary orgaiiixulion,  sucli  as  a  national  department  of  health,  health  board, 
etc.,  even  if  it  be  considered  desirnhie  thnt  it  should  poBbcas  aueh  powers. 

As  it  is  important  that  the  powers  of  the  General  Government  should 
bo  clearly  understood  by  thosA  who  are  interested  in  c(_tngres»ional  legis- 
lation affecting  the  public  health,  special  attention  is  invited  to  the  fol- 
lowing extracts  from  judicial  opinions,  involving  the  goncral  principles 
which  determine  these  powers: 

"The  object  of  inspecliun  laws  is  to  improve  the  quality  of  articles 
produced  by  the  labor  of  a  country ;  to  fit  them  for  exportation  ;  or,  it 
may  bo,  for  domestic  use They  form  a  portion  of  that  im- 
mense mass  of  legislation  wfiich  embraces  everything  within  the  territory 
of  a  State  not  surrendeivd  to  tlii^  General  Government;  all  which  can  be 
most  advantageously  exer(MsG<l  by  the  States  themselves.  Inspection 
btWR,  quarantine  laws,  hi>nlth  laws  of  every  description,  as  well  as  laws 
for  regulating  the  internal  commerce  of  a  State  and  those  which  respect 
turnpike  roads,  ferries,  etc.,  are  component  parts  of  this  mass. 

'  For  detaUii  aa  to  the  working  of  these  DOtR,  oonmll  the  First  Annual  Report  of 
the  Stat'j  Boonl  of  Health  of  IlUaou,  fli>nnt^eli).  III..  1K7D.  Hvo 

*  For  further  purticulam  an  M  tho  orifaaizacioD  and  povrers  of  maDJoipal  and 
Rtaffl  boarJs  of  health,  consult  *'  Thfi  Sanitary  Coile  for  Oitipn,"  prejuire.!  b^  Henrjr 
O.  Clark,  M  D.  RnvUi^  and  alopted  by  tho  National  Qiarantine  anil  Banilarjr  C'oo- 
Tsntioa.     Rcviiied  reprint.  Bu>itou.  IWlo.  Svo. 

Digits  of  Statutes  and  Ordiaaooas  relating  to  the  Public  Health,  Bo«toa,  1B73, 
l2mo. 

Rules  aod  Begnlaliotu  reooramendni)  hy  thfl  State  Board  of  Health  of  Michigan  for 
Adoption  br  Local  B<>(ir<ls  nt  Hfulth,  Liui«n(c.  l^~-'>. 

Metropolitan  Board  of  Health.  Code  of  Sunitarj  Ordinftnoos.  Tfew  York,  1807.  8to. 

Saoitary  TjeeUIation  in  Eogland  and  N>m-  York,  Tif.w  York.  1S73.  Hvn. 

Plan  of  an  Act  to  establish  State  Board  of  Health,  Put^o  Health  Reports,  Aol 
Pub.  Health  Aaww.,  Vol  U,  N.  Y.,  187G.  p.  u2G. 
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*'  No  direct  general  power  over  lliese  objenta  is  grantod  to  Congreiw  ; 
aiul  conseqtipntly  tlioy  romaiu  subject  to  State  legislation.  If  tliti 
legislative  power  of  tlic  Union  can  reach  tliom,  it  muHt  be  for  natictml 
purposes ;  it  muat  be  where  the  power  is  expressly  given  for  a  special 
purpose,  or  is  clearly  inrirlental  to  snm^  ]>ower  which  is  expressly  given.  ^ 

"  That  a  Stato  has  the  same  undeniable  and  unlimited  jurisdiction  over 
all  persons  and  things,  within  it»  territorial  limits,  as  any  foreign  nation  ; 
xvhere  that  jurisdiction  ia  not  surrendered  or  restrained  by  the  Constitu- 
tion of  the  United  States.  That,  by  virtue  of  this,  it  is  not  only  the  right, 
but  the  bounden  and  solemn  duty  of  »  State,  to  advaii<»)  the  aufi-ty, 
happiness,  and  prosperity  of  its  people,  and  to  provide  for  its  general 
welfare,  by  any  and  every  act  of  legislation,  which  it  may  deem  to  bo 
conducive  to  these  ends,  where  the  power  over  the  partioular  subject,  or 
the  manner  of  its  exercise  is  not  surrendered  or  rostraincd,  in  the  ntanncr 
just  stated.  That  all  those  powers  which  relate  to  merely  municipal 
legislation,  or  what  may,  perhaps,  mi>re  properly  bo  called,  iiUi'.rnal  police, 
are  not  thus  surrendered  or  restrained;  and  that  consequently,  in  relation 
to  these,  the  authority  of  a  State  is  complete,  unqualihcd,  and  cxcluHivc, 

*'  We  are  aware  th:it  it  is  at  all  timos  difficult,  to  define  any  subject 
with  proper  precision  and  accuracy;  if  this  Ijc  so  in  general,  it  is  emphat- 
ically BO  in  relation  to  a  subject  so  diversified  and  multifarious  aa  the 
ona  which  we  are  now  considering.  * 

*•  If  we  were  to  attempt  it,  we  should  say  that  every  law  came  within 
this  description  whidi  concerned  tlie  welfare  of  the  whole  pnoplo  of  a 
State,  or  any  individual  within  it,  whether  it  related  to  their  rights  or 
their  duties;  whether  it  respected  them  as  men,  or  as  citizens  of  the  State, 
whether  in  their  public  or  private  relations  ;  whether  it  related  to  llie 
rights  of  persons  or  of  pr(»pcrly,  of  tlio  whole  people  of  a  State  or  of  any 
individual  within  It;  and  wIiosb  operation  was  within  the  territorial  limits 
of  the  Stale  and  upon  the  persons  and  things  within  its  jurisdiction.'** 

In  the  case  of  the  United  States  u.  l)c  Wilt,  Uth  Wallace,  p.  41,  it 
Was  decided  by  the  Supreme  Court  that,  *'  I.  The  30th  section  of  the  In- 
ternal Revenue  Act  of  March  'Z,  J8fJ7  (14  Slat,  at  Uirge,  484),  which  itiakcs 
It  a  misdemeanor,  piiiiislmble  by  fitie  or  imprisonment,  to  mix  for  sale 
naphtha  and  illuminating  oils,  or  to  sell  or  offer  such  mixture  for  sale,  or 
to  sell  or  offer  for  sale  oil  made  of  petroleum  for  illuminating  purposes, 
inflammable  at  less  temperature  or  fire-tost  than  lll>  degrees  Fahrenheit, 
ia  in  fact  a  police  regulation  relating  exclusively  to  the  internal  trade  of 
the  Slates."  "As  a  police  regulation,  relating  exclusively  to  the  inter- 
nal trade  of  the  Slates,  it  can  only  have  effect  where  the  legislative 
authority   of  Congress   excludes,  territorially,  all   State   legislation,  as, 


upon  the  Federnl  OonsUtiill<»i, 


'  From  wrltiDRi  of  JTobn  Harshall,    .     . 
B<)»too^  18^0,  p.  800. 

'  From  Heports  of  Cues  u<gv«t<l  aud  adjudgod  ii  thn  Rnprf-mo  <Vmrt  of  the  Uniti^il 
BtatM.  Jnnuftry  Tftrra.  I*(7.  by  iliohMa  Petera.  Vol.  XL,  PhUadalpbin.  lKt7.  "Tbn 
Mnynr.  AldermcQ.  aud  Commotialty  of  the  City  of  New  York,  IMuinUflfl  v.  GeorKo 
KUu,"  p.  130. 
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for  exvnple,  in  the  Distrint  of  Columbia.  Within  State  limits,  it  can 
have  no  constttutiotial  opemtion/' 

The  powers  of  the  General  Ciovcrnmont  to  legislate  for  tho  protection 
of  the  public  houlth  of  the  whole  country  have  been  more  especialjy  dis- 
cusaed  in  connection  with  various  proposals  which  hare  been  made  for 
the  c^tahlishment  of  a  national  system  of  quarantine. 

It  18  claimed  by  some  tliat  under  Par.  3,  Sec  VIIT.,  Act  I.,  of  the  Con- 
stitution,  which  provides  that  Congress  shall  have  jiower  to  regulate  com- 
merce with  foreign  nations  and  among  the  several  States,  Congress  may 
prescribe  tho  conditions  upon  which  ships  shall  be  allowed  to  land  goods  or 
passengers.  But  when  the  statutes  relating  to  this  subject  are  examined, 
it  wil]  hn  found  that  they  recognizo  the  principle  that  the  quarantine  and 
healtli  laws  of  a  State  are  supreme  over  any  regulations  which  Congress 
may  make  re»pe<iting  commerce. 

In  the  Revisc<l  Statutes  of  the  United  States,  Title  LVIII.  relates  to 
the  public  health,  and  by  the  first  section,  which  is  the  Act  of  1700,  the 
oHiccrs  of  tho  customs,  of  revenue  cutters  and  of  the  army,  are  re(|uired 
to  observe  and  aid  in  the  execution  of  the  quarantines  and  other  restraints 
established  by  the  health  laws  of  any  State. 

The  <leci8ion  of  the  Supreme  Court  in  the  case  of  Giblwns  f.  Ogdea 
(J)  Wheaton),  in  alluding  to  this  act,  alBrms  its  constitutionality  as  con- 
nected witli  *'  the  acknowledged  power  of  a  State  to  provide  for  the  health 
of  its  citizens."  Or,  in  other  words,  as  stated  by  Sir.  Tucker,  "  Congress 
should  sustain  the  health  laws  of  the  States,  and  may  make  provisions  in 
aid  of  them,  but  not  against  them,  or  oonlniry  to  their  purpose."' 

Attention  1ms  betm  already  called  to  the  fact  that  judicial  law  is  rather 
uncertain,  but  it  would  seem  that  under  these  rulings  the  General  Govern- 
ment can  do  little  in  the  way  of  compulsory  legislation,  which  might  in- 
terfere with  the  action  of  the  several  States  to  control  their  own  sanitary 
affairs.  It  is  possible  that  upon  the  ground  of  ])ower  to  legislato  with 
r<*gard  to  commerce,  it  might  establish  some  general  system  of  (|uararitinc 
and  do  something  toward  the  prevention  of  tho  pollution  of  navigable 
streams;  but  it  could  probably  only  do  this  with  such  restrictions  and  ex- 
ceptions as  would  nmke  its  action  of  little  praclieal  value,  unless,  indeed, 
it  should  resort  to  its  right  of  eminent  domain,  and  become  liable  for  all 
damag^es,  inilivldiml  or  municipal,  which  its  action  might  cause.  As  re- 
gards quarantine,  the  power  of  the  General  Government  to  iiiterfexe, 
with  good  effect,  under  cover  of  its  right  to  regulate  eorauiercc,  is  much 
restricted  by  the  proviso  in  Par.  5,  Sec.  IX.,  Art.  I.,  of  the-  Constitution, 
which  directs  that  "No  preference  shall  bo  given,  hy  any  regulation  of 
commerce  or  revenue,  to  the  |K>rt8  of  one  State  over  another."  Under 
this  clause  quarantine  regxilations  established  by  tho  General  Govern- 
ment must  be  tho  same  for  the  North  Atlantic  ports  as  for  thoso  on  tlio 
Ciulf,  thus  entailing  much  useless  obstruction  to  commerce. 

*  O|iinion  tif  Hon.  J.  K-  Tocker.  U  C,  npontheCoiutitntionnlitjof  QaanntineLawB, 
hi  t(rt|Hvrt«  nn<l  Ro«n1uttonii  relit'.n^  to  Banitar/  Lc^iilation,  proaeatcd  to  lae  A^a.  Pub* 
llsalll)  Awnc.,  CamUrid([e,  lUTd,  p.  6. 
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It  is  possible  that  in  the  futuro  a  constitutional  amendment  may 
oonfer  upon  Congress  tiie  necessary  autiiority  to  prescribii  and  enforce 
raeasures  for  the  preservation  of  the  public  health;  antl  it  is  evident  that 
with  regard  tu  quanuitine,  external  or  inienial,  tho  pollution  of  streams, 
and,  in  iiomc  eases,  the  securing^  of  good  drainage  and  a  pure  water-sup- 
ply, centralization  and  a  certain  degree  of  uniformity  are  essential  In  socur* 
ing  the  best  results;  but  at  present  we  can  only  look  to  the  action  of  the 
individual  States. 

Upon  the  principles  above  laid  down  as  to  the  duties  and  powers  of 
municipal  and  State  boards  of  tienlth,  and  of  tho  General  Government,  it 
docs  not  seem  desirable  to  burden  a  national  board  of  liealth  with  Ipgisla- 
tive,  administrative,  or  judicial  functions,  and  it  is  believed  that  a  board 
could  be  organized  in  such  a  manner  as  to  produce  nearly,  if  not  quite,  all 
the  good  results  which  could  be  hoped  for  from  such  an  institution  without 
in  any  way  interfering  with  the  rights  of  States  or  conflicting  with  the 
principles  laid  Anwu  in  tho  judicial  opinions  above  cited. 

It  is  urged  by  Mr.  Raton  that  if  the  nation  can  properly  exercise  juris- 
diction over  every  vessel  and  package  of  merchandise  in  navigable  waters — 
ran,  thrpugh  the  census,  make  minute  inquiries  into  the  private  affairs  of 
every  individual — can  C()llect  and  ptiblish  the  slgtis  of  the  weather,  tux  for 
purposes  of  edu<-.alion,  or  seize  private  propertj'  for  the  public:  benefit — 
"how  can  it  be  denied  that  it  is  the  right  and  the  duly  of  the  General 
Government  to  bring  the  diverse  elements  of  its  sanitary  jurisdiction,  as  far 
as  practicable,  umler  one  efficient  board,  which  shall  act  in  harmony  with 
the  health  boards  of  the  several  States,  and  gather,  arrange,  print,  and 
send  all  over  the  Union  those  records  of  the  origin,  cause,  and  jimgressof 
disease  and  death:  those  instruotive  and  admonishing  statistics  of  vitality 
and  progress  which  meaauro  the  peril  and  the  possibilities  of  commerce, 
which  illustrate  the  power  and  tho  morality  of  a  nation,  which  are  the 
measure  of  our  claims  to  the  greatness  to  which  we  aspire  and  of  our 
own  fidelity  to  the  religion  which  we  profess."  ' 

All  this  is  certainly  true  so  far  as  regards  the  collection  of  infonnation, 
whatever  may  he  tlumght  of  othor  matters. 

No  one  would  deny  that  the  General  Government  can  properly  create 
an  organization  for  the  purpose  of  collecting  and  ilifTusing  infonnation  on 
aaniury  matters;  but  eomparatively  few  understand  bow  much  real  power 
and  influence  such  an  organization  might  acquire  without  having  tlie 
slightest  legal  authority  to  enforce  any  of  its  recommendations. 

The  passing  of  sanitary  laws,  and  the  granting  to  a  certain  department 
the  power  to  enforce  these  laws,  will  not  ensure  good  ptiblic  health  unless 
the  pnblic  at  large  supports  those  laws  inleliigently,  and  it  can  only  do 
this  through  State  and  municipal  sanitary  organizations.  The  General 
Government  might  do  much  to  promote  the  formation  of  such  organiza- 
tions, and  to  assist  them  in  various  ways.     For  instance,  it  might  follow 


'  Prom  Pnblic  Health  Exports  and  Papers,  Vol.  IT..  N".  Y..  1870:   The  EsmdHoI 
Ccoditiooa  of  Oood  SsuitAry  AdtniniBtration,  by  Donoan  B.  E^ton,  LL.D.,  "p.  ni4. 
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tho  plan,  pursued  in  Great  Britain,  of  refundinf^  a  certain  portion  of  tbfl 
expense  connected  with  tlio  inarmi^Hiiient  of  a  State  board  of  health, 
if  or^nized  in  a  cortuin  way,  uiid  if  the  State  board  undertakes  to 
furnish  certain  reports  and  Htattstirs  for  the  information  of  the  CK-ntnii 
board.  It  is  upon  this  principle  of  subsidizing  important  interests 
without  undertaking  to  directly  control  them,  that  the  United  Slate** 
has  promoted  education,  the  construction  of  railroads,  etc..  and  thai 
it  now  proposes  (during  the  coinii>g  year,  DStfO)  to  promote  the  gather- 
ing of  iinpurtaiit  statistical  information,  by  the  several  States,  in  the 
census. 

liy  the  *'  act  to  prevent  the  introduction  of  infections  or  oonta^ous 
diseases  into  the  I'nJted  States,  and  to  establish  a  national  board  of 
health,"  approved  March  3,  18T{t,  the  first  step  Ims  been  taken  in  the 
direction  above  indicated.  . 

The  act  provides'for  a  national  board  of  health,  to  consist  of  secen 
members,  appointed  by  the  President,  and  of  four  olficers  detailed  from 
the  Medical  iJcparlment  of  the  Anny,  Medical  Department  of  the  Navy, 
and  the  Marine  Ilospitnl  Service,  and  the  Department  of  Justice  respec- 
tively. No  defiiute  term  of  Office  is  prescribed,  the  lioard  being-  essen- 
tially provisional  in  character. 

The  duties  of  the  board  are  "to  obtain  information  upon  all  matters 
alTecting  tho  public  health,  to  advi&e  the  several  departments  of  the  j^v- 
criimciit,  the  executives  of  the  several  States,  and  the  Com tnissi oners  otj 
the  Dialrict  of  Columbia,  on  all  tjuestions  subniilteil  by  tlicm,or  wheneve 
in  the  opinion  of  the  board  such  advice  may  tend  to  the  preservation  and 
improvement  of  the  public  health/* 

The  board  is  also  directed  to  prepare  a  plan  for  a  national  public  health 
or^anisalion  In  conjunction  with  the  National  Academy  of  Sciences,  and 
after  eoriHitltatioii  with  "the  principal  t>juiitary  iirgHuizations  and  the 
sanitarians  of  the  severnl  Slates  of  the  United  States,  special  attention 
being  given  to  the  subj<-et  of  quarantine,  both  maritime  and  inland,  and 
especially  as  lo  regulations  wliich  sliould  be  established  between  State  or 
local  systems  of  (|uaranltiie  and  a  national  quarantine  system." 

Many  of  the  reasons  which  may  be  urged  for  the  establishment  of  a , 
national  board  of  health  in  the  United  States  will  also  apply  to  the  estahwl 
lishment  of  some  form  of  international  health  organization  which  shall' 
serve  for  the  collection  and  centralisation  of  information,  and  for  its 
publication  upon  same  uniform  plan,  and  also  to  some  extent  for  the 
prevention  of  epidemics.  The  principles  upon  which  such  an  organizja- 
tinn  should  bo  established  do  not  difTer  materially  from  those  indicated 
for  a  tidtioiml  board  of  health  fur  the  United  States  j  the  relations  uf 
*.he  civilized  nations  of  the  earth  to  each  other  in  regard  to  this  subject 
being  very  analogous  to  those  of  the  several  States  to  tho  FederaJ 
Government. 

Tho  greatest  obstacle  to  the  formation  of  such  an  international  organ- 
ization  has  been  tho  fact  that  the  United  Stales  alone  possf-sses  no  central 
sanitary  authority  by  which  it  could  enter  into  relations  with  such  a  body. 
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Trfille  her  rommercipi  relations  are  such  as  to  make  it  almost  indispensable 
tltat  the  should  be  a  party. 

in  view  of  the  dlAicultics  in  the  way  of  obtaining  satisfactory  legisla- 
tion upon  sanitary  matters,  and  the  ever-present  danger  that  the  uffiuials 
to  bo  ehargtul  with  the  execution  of  State  or  munteijial  linalth  laws  nmy 
be  unfit  for  aueh  position,  it  is  worth  noting  tliat  some  of  the  bocietits  of 
oo-opcration  may  be  obtained,  and  the  dangers  and  difliculties  of  legisla- 
tive interference  avoided,  by  the  formation  of  sanitary  protection  associa- 
tions, aA  has  been  done  at  Edinburgh  and  at  Newport,  R.  I,  Thostc 
associations  are  essentially  mutual  insurance  companies,  and  although  the 
main  object  of  those  just  referred  to  is  to  secure  thorough  pruliniinary 
and  periodic  inspection  of  the  habitations  of  the  members  with  reference 
to  drainaijo,  ])lMmbitig,  etc.,  yet  the  principlo  may  easily  bo  extended; 
and  it  would  be  quite  possible  to  organise  a  life  insurance  company  uj>on 
the  same  ])l3n — a  oompauy  whirti  tthouM  nut  merely  accept  the  usual 
chances  of  Trx>rtality,  but  should,  a.s  a  uuitter  of  profit,  attempt  to  reduce 
the  mnrtaJ'ty  rates  of  its  mombors,  by  employing  skilled  otBeers  to  do 
such  work  as  ia  contemplated  by  the  associations  just  referred  to/ 

Finally,  it  may  be  observed  that  while  education  of  the  people  in 
hyffienic  matters  is  a  necessity,  and  while  the  satiitanan  must  not  in  his 
practical  work  go  beyond  the  point  in  which  he  will  bo  supported  by 
public  npinion,  since  it  is  use!f.s-s  tu  prescribe  rernodres  wIiIliIi  will  not  bo 
taken,  yet,  on  the  other  hand,  the  people  often  wish  what  they  are  told 
they  wish,  and  legislation  is  itself  a  powerful  means  of  education. 

But  to  secure  true  progress  in  hygiene,  those  already  skilled  must 
acquire  more  skill;  and  those  who  are  leaders,  more  knowledge.  Tfiose 
who  are  charged  witli  the  care  of  the  public  health  are  responsible,  not 
only  for  possessing  existing  knowledge,  hut  for  the  increase  of  knowledge; 
and  they  may  never  "rest  and  be  thankful,  for  the  ancient  Sjiliynx  meets 
them  at  every  turn,  and  her  demand  never  ceases:  I{«^ad  me  my  riddle,  O! 
man,  and  I  will  be  thy  slave  ;  neglect  it,  or  fail,  and  thou  sholt  surely  be 
devoured." 


The  following  lists  of  works  relating  to  the  general  subjects  of  hy- 
(jiene  and  State  medicine  arc  the  result  of  a  selection  from  a  much  lai^er 
number  of  titles.  It  will  bo  understood,  tlierf:fore,  that  they  are  by  no 
means  a  bibliography  of  the  subject.  Works  relating  to  special  subjects 
tktv.  not  given  here.  Only  the  Inst  edition  known  to  the  writer  is  noted, 
and  the  titles  are  given  as  briefly  as  is  consistent  with  the  identification 
of  the  work. 

The  third  section  especially  is  incomplete,  since  almost  every  country 
and  city  in  Kurope  has  published  sanitary  ordinuncea  and  reports,  but 
the  majority  of  them  have  but  a  temporary  and  local  interest. 


*  For  ilcitiiUa  cnnsnlt 'llie  Edlalrarurh  Saiiitar?^  ProtecUon  Association.  Han.  Jonr., 
Gloagowr,  Jun«.  IH7M,  p.  11:1;  and  Tho  Sanitary  rrotoctJon  Association  of  Ifewport, 
K.  I..  7  pp.,  Hto,  a  circular  lacacd  by  the  Socict.y, 
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vols.  Hvo.  (In  1S47  uctteil  wiLh  Ma{r*'"i  f-  d.  StiutBarznuncmide,  to  form  Veiciatq 
d«atsche  ZeiCechrift  f.  die  StuutKarzaclkandu. ) 

AuEUkles  crbytfi^nfl  publiijite  et  do  modeoiQe  l(gmle.  Puis,  1839-78.  100  toIil 
8to.     Current. 

ArohJv  (AllffQinelDes)  dcr  OeflundhciUipolizeL     Hannover,  1&0&-0.    8vo. 
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Ueitiaffe  tut  B«form  de«  Sonitatsirewa  aas  WMtUen.  Anuberg-,  1840.  1  roL 
Sto. 

Blattor  far  Sto&taanneikiuide.  Bcllo^  zui  Allg.  Wicn.  med.  Zeituog.  Wicii, 
I8(W.     1  ToL  4to. 

Cnntral-Arrbiv  ffVr  die  gesainmto  StAatAOTzamikunda  Regotuburg,  1844;  Anibadh, 
184r»-49.     U  Tolfi,  8to. 

CoQgr^«  gtiuorftl  d'hygidne  de  Bmxenee,  BeaaJoa  de  1833.  Oompto  rendn  dea  a6- 
ancca.      BruxuUeii.  18ri3.     8to. 

Coiigr(!fl  iDt«matioDal  d'bygiinA,  de  aanvetagfo  et  d'dconomie  Bociale.  Fftzis  «t 
Bruxdlr'n,  1877.     2  voln  roy.  8to. 

Cougrewo  ^U  secoudo)  iatennuionalQ  Baaitorio  ed  0  re^no  d'ltaluk  KlUso.  1806. 
8to. 

ConroBpondcnx-Blatt  fUr  die  mlttelrlictnlichen  Aente.  Orgha  fdr  Eptdemiok^e 
und  offeiitl  ohe  QesimdheitHptle^e.  DartnttUdb  and  Leipzig.  ISOO-ftS.  1  toL  6ro. 
(Continued  as  Zcitochrift  fUr  EpidemiolDgie.  etc.) 

CDrrcKpondcnx-Hlatt  dcfl  niedorrhciniachcn  Vcreina  fQr  ofTcntliabe  Omnindhoita- 
pfle^.     KOln.  1H71-78.    4to. 

Congress  (Den  bygieinlskc)  1  Kjobcnhavn,  Juli,  1828.  Berctnlnf.  elc.  KjSbenliaTa, 
1858.     Hra. 

Dwutygodnik  mQcIyoyny  pobliczovj.  Orf^nn  Towantjitwa  Irkanc^  golicyjiddeh. 
Krakowlv.  1S77-78.     2  voU.  Svo. 

GeBundheit:  2eitaohrift  fUr  korperliohes  and  geinttgcs  WahL  Elberfeld,  1875-78. 
Srola.  4la 

Johroftberlalita  dfir  chcmiscbs  Centralntclle  fOr  uffcntlLcbe  Ge«iuidbeite[^^«  la 
Dreiiden.     I.-V.  Jahronb.      Dresden,  1875-70,     2  voIp.  ro/ 8vo, 
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The  Nexdtj'Born — Cart  of  Respiration  and  Circuiatton. 

Normal  reH|jiration  and  circulation  ouglit  to  be  immediately  cstab]t»hed 
after  the  child  is  born.  TUti  whole  rhapter  of  asphyxia  cannot  hv  con- 
sidered here,  but  Landau's  oJiaay  on  "The  Mchena  of  the  New-Iidrn,  with 
Noticeii  on  the  Obliteration  of  the  Kcutal  Blood-Veasels,*'  proves  that>  in 
many  Instances,  hut  little  attention  has  been  paid  to  the  sul>ject.  Ue 
explains  its  occurrence  by  the  rupture  of  an  artery  or  vein,  in  a  round 
ulcer  of  the  stomach  or  duodenum,  which  han  not  orig^inatcd  during  intra- 
uterine life,  and  not  in  consequence  of  inflammation,  but  has  been  pro- 
duced by  disturbances  of  the  circulation  dejiendenc  upon  insuflicient 
resplratton.  The  impediment  to  reRpiration  consiats  in  aspiration  of 
niucuB,  in  pressure  during  the  process  of  parturition,  and,  Bnally,  in  con- 
^nital  muscular  debility.  Circulation  suftera  in  consequenco;  from  a 
secondary  thrombus  of  the  ductus  Botalli,  or  from  a  primary  one  near  the 
spot  where  the  umbilical  vein  is  ligated,  an  embolus  is  carried  off,  and 
comes  the  source  of  hemorrhage.  It  is  a  ]>eculiar  fact  that  the  nowly-born 
Bicted  with  mcla^na  are  mostly  of  the  female  sex.  It  is  possible  that 
this  circumstance  is  to  be  explained  by  the  relative  smallness  of  the  blood- 
vessels in  the  female.  Even  in  such  cases,  where  no  material  causes  are 
found,  it  is  still  to  be  pn^uined  that  there  are  disturbances  of  circulation, 
dependent  upon  increased  pressure,  in  the  venous  system.  If  that  be  true, 
the  direct  inference  is  that  new-born  children  should  be  made  to  cry 
aloud.  Moreover,  it  is  proper  that  protracted  sleep,  in  J'eeble  children, 
should  be  prevented,  and  that  they  should  be  compelled  to  cry  occasion- 
ally. When  the  infant  docs  not  cry,  both  respiration  and  circulation 
remain  defective,  and  immediate  resort  must  be  had  to  the  usual  means 
recommended  in  the  text-books  on  obstetrics,  such  as  external  irritations, 
beating,  alternation  of  warm  and  cold  bathing,  swinging,  etc.  In  cases 
in  which  all  these  means  fail  to  establish  respiration  and  circulation, 
Pernice,  myself,  and  others,  and  lately  I^iuth,  have  resorted  to  the  use  of 
the  electrical  current.  Lauth  describes  three  cases:  one  with  permanent, 
and  one  with  temporary  success.  He  used  dry  electrodes  along  the 
vertebral  column,  the  brachial  plexus,  and  also  over  the  phrenic   nerve. 

•  *  The  material  used  In  tb«  preeeot  article  Is  drawn  largely  from  the  suthor's  eon- 
tributioD  bo  the  firet  volutoe  of  Cerhardt's  Bandbueh  drr  KinderkranlAnten,  Tttbin- 
««ii.  Ib77. 
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E^aoh  application  lasted,  two  or  three  minutes,  and  in  the  intervals  hw 
aided  recovery  by  insufflation.  But  this  much  must  be  said  with  refer- 
ence to  the  use  of  the  electrical  current,  that  a  continuous  application  for 
two  or  three  minutes  is  decidedly  too  long.  For  my  experience  has  taught 
me  that  the  irritatidu  turns  inloover-irritation  and  parulyals,  and  the  effect 
produced  is  directly  the  reverse  of  that  desired.  Neither  have  I  be«n  able 
to  convince  myself,  contrary  to  the  theoretical  and  practical  postulationti 
of  many  authors,  that  the  application  of  the  electrodes  over  certain  nen'es, 
— for  instanre,  ovor  the  phrenic  nerve  or  over  the  diaphragm — will  yield 
epeclal  results.  This  is  particularly  true  when  the  electrodes  are  dry,  for 
there  is  no  possibility  of  their  effect  penetrating  the  skin.  The  effect 
will  remain  su]ierfici&].  I  am  of  the  opinion  that  the  momentary  super* 
ficial  pain  yields  the  main  effect.  The  application  must  be  momentary, 
frequent,  and  not  protracted.  In  a  number  of  cases  reported  in  the  pro- 
cccdinf^s  of  the  New  Vork  Obstetrical  Society,  several  years  ago,  I  made 
the  observation  that,  in  the  very  commencement  of  the  faradic  treatment, 
respiration  becomes  deeper  and  more  frequent,  and  the  heart-beat  ia  in- 
creased in  frequency  and  strength.  But  when  the  electrode  is  not  soon 
removed,  the  beat  of  the  heart  Uioomes  slower,  and  the  infant  appears  *m 
though  in  a  fainting  spell,  or  in  the  condition  of  collapse.  My  rule,  there- 
fore, is  to  interrupt  the  treatment  every  few  moments.  Besides,  it  is 
very  difficult  to  localize  the  current  over  small  and  flcep-.Heatcd  localities. 
I  have  always  feared  that  the  smallness  of  the  territory  upon  which  wc 
mean  to  act  gives  but  very  few  chances  for  a  oiruuiuscrtbed  application 
of  the  electrical  current.  The  correctness  of  this  doubt  has  already  been 
admitted,  so  far  as  the  phrenic  and  the  sympathetic  ner\'e$  are  conoemcd. 
For,  as  early  as  1S72,  Ziemssen  directed  general  attention  to  the  fact  that 
many  symptoms,  attributed  to  the  influence  of  the  sympathetic,  did  not 
depend  upon  it  alone:  as,  for  example,  dilatation  of  the  pupils,  which,  ac- 
cording to  Bernard  and  Wostphal,  can  result  from  any  strong  irritation 
of  any  of  the  sensitive  nerves.  Galvanization  over  the  neck,  with  a  very 
strong  current,  makes  a  very  marked  impression  upon  sensitive  nervea.  It 
is  therefore  to  be  accepted,  with  Fischer,  that  the  so-called  local  applica- 
tion of  either  the  faradic  or  the  galvanic  current,  In  the  region  of  the 
neck,  is  nut  local  at  all,  but  that  the  sympathetic,  the  pneumogastric,  the 
phrenic,  the  sujierflcia]  sensory,  and  the  niotory  nerves  are  excited  at  one 
and  the  same  time.  Still  the  electrical  treatment  will  be  successful  in  both 
asphyxia  and  the  debility  of  the  prematurely  born.  The  latter  are  to  be 
treated,  besides,  like  sick  infants,  and  it  is  therefore  necessary  to  warm 
them,  artificially,  between  hot  cloths  or  bottles,  or  in  front  of  the  furnace 
register;  they  may  require  stimulating  enemata,  and  now  and  then  1  have 
seen  good  results  from  the  subcutaneous  injections  of  brandy.  Ahlfeld  has 
lately  shown  what  nmy  be  accomplished  with  infants  born  prematurely. 
He  refers  to  D'Outrcpont,  who  preserved  the  life  of  an  infant  thirteen 
inches  in  length  and  weighing  one  and  a  half  pounds;  also  to  Kopp,  who 
saved  a  child  that  weighed  two  pounds,  and  was  eleven  inches  in  IcngtH; 
also  to  a  case  reported  by  Redmond,  iu  which  the  infant  weigheil  one 
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pound  three  ounces  ami  &  half  and  web  thirteen  inches  in  len^^h.  He  also 
l^ives  two  cases  of  his  own:  thejiritt  was  a  child,  born  in  the  twenty-eighth 
or  twenty-ninth  week  of  intra-tilerine  life,  which  was  39  otm.  in  lengthy 
and  could  not  nurse  until  it  was  u  tvw  weeks  old;  the  stcuml wna &n  infatit 
that  lueasured  39  ctm.  in  Icnf^th  hvc  weeks  after  its  birth,  and  at  that  time 
weijrhed  1,450  grms.  Ue  recommends,  as  the  most  efficacious  means  of 
preserving  the  life  of  such  children,  warm  bathing,  wrapping;;  the  infant  in 
cotton,  and  the  frequent  administration  of  pr«:)pcr  food,  that  is,  hourly 
feedinjj^,  even  though  it  be  necessary  to  wake  up  the  child  for  that  purpofle. 
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7%«  Uhtbilical  Cord — Anaiomy  and  Changea — 'l^reatuieiU  of  the  Nor- 
vuU  and  PiUhoh'jietd  ComlUiiyna. 

Aa  aoon  as  the  now-born  child  has  g^iven  two  or  three  vigorous  cries 
there  is  no  longer  any  r(*ason  for  delaying  the  ligation  of  the  cord.  The 
circulation  in  the  umbilical  vessels  or  in  the  placenta  has  no  further  in- 
fluence upon  the  child  the  moment  its  own  pulmonary  circulation  has  been 
awakened  to  normiU  activity.  It  is  useless  to  wait  for  the  oossation  of 
pulsation  tn  the  curd,  which  ia  sure  to  become  weaker  and  weaker  what- 
ever change  takes  place  in  the  cliild^s  circulation.  Tho  practice  of  ompty- 
iiig  the  contents  of  the  umbilic^il  vein  into  the  child's  body  may  be  ex- 
cused in  a  puny,  ill-developed  ncwly-boni  infant,  but  is  reprehensible,  as 
a  rule,  fcecause  of  the  increased  stress  imposed  upon  the  cliild'a  citcula* 
tion,  which,  right  after  birth,  is  so  easily  disturbcfl. 

In  every  case  of  asphyxia  we  should  IJgate  as  quickly  as  jio^sihle  to  be 
able  to  make  efforts  to  resuscitate.  We  ean  look  fur  no  aid  in  the  simple 
fact  of  the  child's  connection  with  the  placenta,  which  has  already  begun 
to  be  detached  from  the  uterus.  The  ligation  is  made  with  a  eord  not 
fine  enough  to  cut  through  the  tissues,  nor  so  thick  as  not  thoroughly  to 
compress  the  vessels.  It  is  applied  fruin  three  to  six  centimetres  frum 
the  body.  A  few  centimetres  nearer  the  placenta,  a  second  ligature  is  ap* 
plied,  and  between  the  two  the  cord  is  divided.  The  chiKPs  end  of  the 
cord  is  then  wrapped  loosely  in  a  piece  of  fine  old  linen,  aiitl  Uid  up(»n  the 
left  side  of  the  abdomen.  The  whole  is  then  covered  with  a  bruad  strip 
of  linen,  and  over  that,  a  bandage,  something  wider  than  a  hand^s  breadth, 
is  passed  once  and  a  half  or,  at  most,  twice  around  the  body.  This  is 
drawn  Just  tight  enough  to  prevent  its  slipping,  and  secured  with  a  band 
or  with  safety  pins.  The  bandage  may  be  of  llunnel  or  cotton,  and 
should  be  suthciently  wide  to  reach  from  the  axillic  to  a  little  below  the 
crests  of  the  ilia.  This  of  itself  serves  as  a  comfortable  and  convenient 
article  of  clothing  during  the  first  few  weeks  of  life.  The  entire  dressing 
should  be  changed  at  least  once  a  day.' 

*  A  T«r7  aaitnated  dlsounioa  of  the  question  of  U^tion  of  the  cord  has  sHbcd  in 
tonneoUbQ  with  cows  and  mares.  Tb  wan  otw«rved  that  thn  lower  animalK,  both 
domestic  bud  wild,  bavo  no  wet-aurMa,  nor  do  they  uu  ligalarcn  and  nheant.  And  m- 
anoiich  as  wo  bear  of  oo  hemorrhsKes  from  the  cord  in  tbctte  lower  cteatious.  we 
ought  not  to  expect  that  the  neglect  of  ligutiou  would  be  followed  by  any  inch  uonse* 


78  IXFAXT   UYOIKNK. 

Thfi  umbilical  artericN  arf  large  aii<i  thick,  eApf*cially  in  the  vicinitrof 
tho  navei)  both  insidr'  and  out.'tidi'  the  ahtlomcii.  Within  the  abdominal 
ravity  they  ar»r  <Ienso  and  of  yt-H-iwiKh  n-d  oolor;  outside  the  abdomen 
they  are  softer  and  ])«!er.  Tlieir  inus*iilar  tihres  are  moally  circular;  t 
f<-w  are  long'ittidinal.  Whr-n-  Loth  «M'.Mir,  the  lonfritudinal  are  extt-nai 
Thes<;  fibres  arc*  i>rol'«n/;fed  into  ili'-  aii%frititia.  and  are  especially  maritpj 
within  the  abdomen  in  the  nri^iiliorhood  of  the  rinfr.  but  further  in  tn> 
less  well-developed.  In  the  timbilkal  coni  itself  massive  bundles  of  mns- 
eiiiar  fibres  extend  from  th'-  advi-ntitia  to  the  endothelium.  It  is  ooIt 
near  th»»  navi-l.  and  especially  witliin  thf  abdi»ni*'n,  that  we  hare  anv  min- 
(flinjf  of  elastie  tis^u.-.  An  intiiri;*  jTi-piT  i>  ileveloped  only  in  the  vicinilj 
of  the  ilia*-  artery.  \V<-  ilrjs  havf  .-xpljiined  tho  marked  influence  which 
the  rigor  mortis  of  the  Mfv<-nd  et.rl  txi-n-iscs  In  preventing-  hemorrhage. 
The  artery  is  contraftcd  to  H-*J  mm.,  vi  that  a  fin**  probe  can  scarwlr 
be  intrwiueed;  the  column  of  bj.did  i>  i-MHirulated.  and  outside  of  the  navei- 
rinff  the  artery  is  so  narrow  that  n-p  tlinniilnis  or  but  an  inst^rniHcant  ow 
can  form  there,  Th'*  action 'of  tlir  rii^Mr  mortis  and  llie  cna^ulation  of 
thf  bloorl  naturally  react  upon  the  Jntra-abdoiniiiHl  circulation.  liut  thU 
is  not  all.  In  th''  utnbiljcii]  iirtcrie.s  there  arc  certain  prntnint-nces,  ex- 
tending in  straight.  dia:r*»iial.  "r  irregular  direct  ions,  uliich  i-iirinot  be  oh- 
lit'-ratetl  by  .stretching.  They  contain  nnnh  elius^ii-  ti.ss(it'.  Dilatations 
ficcur  also  in  the  artcric.s.  the  ronlt  only  of  variations  in  the  tliirkness  of 
the  wallH.  .\|f)reover,  there  are  lony-itudinal  fiirrow:.  in  wliidi  tlif  muscu- 
lar layer  is  thinned,  un'l  aUo  t'.]il>.  e^jtrciuily  within  the  iiinbilical  coni. 
but  there  are  no  valves  (Stravin>.ki).  Tin-  arteries  whiidi  are  stretch»sl 
upfjn  the  placenta's  part  of  the  corrj  nn*  more  tortuous  than  elsewherf. 
jfrowing  smaller  as  they  approach  the  placenta's  bonier.  (Nengebaiier. 
IH.IH;  Ilyrtl,  1870.)  Kleinwlirhtcr  found  the  same  characters  in  tin* 
arteries,  whether  the  f<etus  was  carried  to  full  term  or  not,  while  the  veins, 
toward  the  end  of  ftetal  life,  became  enlarged  (placenta  lU,  con]  1  l.'.i'S  mm.'). 

qnnnoeii  in  the  jonng  of  the  humftn  familj.  Thf!  li[rntiin>  hot*  not  onlj  been  declared 
n^lefw.  but  eren  injurioos.  The  w<-ll-anthi>nticate<l  iiiHtanccM  of  heniorrhacea  oocnr- 
rinfi  whern  the  ligature  had  not  b«eii  applied  or  hod  Klijipt-d.  arc  simply  ignored.  King 
recADtly  sMerted  the  ligature  tit  l>e  ilmitjerDuii  "  by  preventing  the  escape  of  blood 
from  the  umbUical  veinN,  with  cormequunt  cuiigeatioa  uf  the  liver"  <*!).  He  clainu, 
too,  sometimea  it  is  fatal.  *  by  kecpint'  the  right  vf-ntricle  diHtfude<l  "  (t !).  Initead. 
therefore,  of  tying  and  then  cutting  the  cord,  lit;  a<]vi!-<-H  its  division  close  to  the  body 
aft«r  the  arterial  pulse  has  ceaM^d.  Tliu  diviniun  it*  cfTticusl  by  uu  ecraaeur  or  a  doU 
pair  of  shears,  and  the  oontusion  must  Ih;  therougli  ami  long  continued.  The  idea, 
bowerer,  is  not  new.  Old  Faust,  of  BUckcburg.  spoke  of  dividing  the  navel  cord  lo 
"a  manner  well  pleasing  to  Ood,"  with  "gnan-ing  scissor-mts. ''  The  facta  are  ai 
follows:  when  the  oord  is  cnt  and  not  tied,  hemorrhages  g<  nerally  follow;  when  it  ii 
torn  in  a  oironlar  manner,  they  are  stilt  usual ;  but  when  it  is  torn  off  ixregulailj, 
tbaie  ia  freqaently  no  hemorrhage  whatever. 

Thn  above  facta  do  not  afford  a  complete  solution  of  the  -question,  and  it  ia  &r 
baiter  to  be  guided  by  discretion  and  prudence  tbon  to  trust  to  mere  chance. 

>  In  long  and  heary  foetosea  and  in  boys  the  vessels  are  larger.  I^  that  the  reuKn 
why  heiDorrhages  from  the  cord  are  so  much  more  common  in  boys  than  In  giriat 
din,  Jenkins,  Bitter. ) 
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The  furrows  and  dilatations  of  the  umbilical  arteries  have  nothing  to 
do  with  the  arterial  contraction;  they  are  found  after  death  distended  and 
filled  with  blood.  So  they  cannot  bo  rej^arded  from  a  teleological  point 
of  now.  Stravinski^  to  whom  I  am  mainly  indebted  for  this  desoription, 
observes  further  that  the  tliiokened  portions  of  the  walls  arc  not  always 
found  at  those  points  where  wc  should  look  for  the  moat  effective  contrac- 
tion for  the  purpose  of  stopping  the  flow  of  blood.  Therefore  there  is  but 
one  main  factor  that  operates  to  atop  the  flow  of  blood,  viz.,  the  contrac- 
tion of  the  powerful  muscular  apparatus  in  the  vessels  which  are  brought 
into  play,  partly  by  the  rigor  mortis,  partly  by  the  stimulating  effect  of  th« 
atmosphere  and  other  influences  acting  upon  the  body  of  the  infant  and 
communicated  to  the  umbilical  arteries  by  reflex  action.  Still,  it  is  proba- 
ble that  the  strength  or  feebleness  of  this  contraction;  the  frequency  or  in- 
frequency  of  its  occurrence;  the  favorable  or  unfavorable  situation  of  the 
prominences;  dilatations^  thickenings,  and  furrows  in  the  blood-vessels, 
which,  though  they  do  not  entirely  prevent  the  flow  of  blood,  render  the 
current  slower,  narrower,  or  irregular — all  play  a  certain  part,  both  in 
producing  hemorrhage  and  in  stopping  it.  Therefore,  apply  the  ligature 
under  all  circumstances,  notwithstanding  the  fact  that  the  neglect  to  tie 
the  cord  is  not  always  followed  by  hemorrhage.  We  may  disregard  such 
reports  as  that  of  Martin,  who  states  that  "they  do  not  tie  the  cord  in 
Java,"  and  yet  no  hemorrhages  occur.  Under  the  influence  of  the  warmtli 
of  the  bed,  or  of  the  warm  bath,  the  blood-veasels  may  again  relax,  the 
heart-muscle  be  excited  to  activity,  and  hemorrhage  be  apt  to  follow. 
Moreover,  the  fact  should  be  borne  in  mind  that  vascular  anomalies  may 
occur.  Hausnmnn  reported  three  oases  of  unequal  development  of  the 
umbilical  arteries.  In  one  case  one  of  the  vessels  was  very  small,  and  ter> 
minatcd  within  the  peine  cavity  on  the  posterior  wall  of  the  bladder,  close 
by  the  umbilical  cord.  The  other  artery,  together  with  the  hypogastric 
and  common  iliac,  was  enlarged. 

After  division  of  the  cord,  its  spiral  twist  is  obliterated.  The  vessels 
appear  retracted,  since,  under  the  pressure  of  the  ligature,  the  gelatinous 
matter  of  the  cord  is  somewhat  pressed  forward.  Desiccation  begins  at 
one**,  commencing  at  the  ligature,  and  extends  rapidly  toward  the  ab- 
dominal wall.  The  rapidity  of  desiccation  will  of  course  depend  upon  the 
thickness  of  the  cord.  The  color  is  altered,  becoming  at  first  bluiHh,  with 
the  vessels  showing  through,  and  then  gradually  grow.4  darker  and  blackish. 

The  form  of  the  cord  is  altered,  partly  through  shrivelling  up,  partly 
by  the  extenial  pressure.  It  becomes  flat  and  parohment-Uke,  and  is  ii 
little  thicker  near  its  cutaneous  portion,  whore  the  lino  of  demarcation  is 
forming.  This  line  of  demarcation  appears  almost  alway$>  on  the  day  be- 
fore desiccation  is  complete.  Of  THoliamcr's  100  oases  this  was  true  in 
85;  in  15  cases  the  line  did  not  appear  until  after  complete  deaiocatioti, 
which  occurred  in  3  cases  on  the  first  day,  in  24  on  the  second,  in  71  on 
the  third,  and  twice  on  the  fourth.  The  line  of  demarcation  is  usually 
narrow,  only  a  line  in  width.  But  where  the  cord  is  large,  or  where  the 
skin  is  prolongeil  into  the  cord  for  a  considerable  distance,  it  is  wider.     In 


such  cases,  there  is  not  unfroquentlj  a  pronoimcod  inflammatory  reaction. 
There  is  usually  hut  little  suppuration.  Finallyj  after  undergoing  granular 
disintegration,  the  desiccated  cord  drops  off.  At  the  last  tt  is  held  only 
by  the  vein.  It  generally  falls  on  the  fourth  or  fifth  day,  sometimes  on 
the  sixth  (onc«  in  Tschamer^s  100  cases),  and  occasionally  on  the  seventh 
(twice  in  100,  according  to  Tschamer).  Doubtless  it  may  (all  even  later. 
I  have  seen  it  remain  till  the  eleventh  day,  and  E.  Loewensohn  saw  it  re- 
main till  the  thirteenth  day. 

Th4^  extent  of  the  remaining  wound  and  the  rapidity  of  healing^  will, 
under  ordinary  circumstances,  depend  upon  tho  thickness  of  the  cord  and 
the  severity  of  the  process  of  demarcation.  The  cutaneous  portion  of  the 
cord  quickly  retracts,  fjiranulations  spring  up  rapidly,  and  the  wound  is 
soon  cicatrized.  At  first  the  scar  is  of  a  pale  red  color,  bat  gradually  be- 
comes lighter.  At  first  It  is  linear,  afterward  angular,  and  finally,  in 
consequence  of  the  retraction  of  the  umbilical  vessels,  the  peculiar  form 
of  the  navel  fossa  is  produced,  with  its  greater  arch  above,  where  the 
arteries  retract,  and  the  lesser  below,  correspond iu]?  to  the  vein.  In  the 
centre  can  be  seen  the  remains  of  the  vessels  in  what  is  known  as  the 
**  vascular  navel." 

The  surfare,  as  a  rule,  is  qiiito  dry  a  few  days  after  the  fall  of  the 
umbilieal  curd,  and  cicatrization  advances  without  interftrence.  This 
normal  course  may  be  disturbed  by  friction  of  the  part,  local  irritation,  or 
by  infectious  influences.  I'J.  Loowcnsohn  found  that  the  in6ammatoty 
redness  disappeared  from  thesurfacoby  the  fifteenth  day,  but,  by  stretching 
open  tho  imvel  fossa,  he  found  it  still  red  and  covere<l  with  a  serous  or 
purulent  fluid  until  the  twenty-first  day.  Sometimes  it  was  completely 
healed  in  ten  days,  though  ho  has  known  it  to  require  as  much  as  forty- 
une  days.  His  observations  were  made  in  the  Foundling  Asylum  of 
Moscow,  where  it  is  not  unlikely,  for  obvious  reasons,  that  the  healin, 
process  may  have  been  unusually  ilelayed. 


Whenever  the  secretion  appears  to  be  unduly  increased  or  the  inilam- 
matory  redness  greater  than  usuitl,  lukewarm  astringent  solutions  of  zinc, 
loadj  alum,  or  croasote  are  indicated.  Bifrmuth  in  powder,  salves  of  zinc, 
or  alum,  or  oxide  of  zinc  dusted  over  the  part,  are  useful  applications. 
In  seasons  of  epidemic  erysipelas  or  diphtheria  such  applications  should 
be  made  without  delay;  for,  under  these  ciruuitistances,  it  is  far  better  to 
do  what  may  be  superfluous  than  to  neglect  what  is  perhaps  of  very 
svrious  importance.  The  porchloride  of  iron  should,  under  all  cin^um* 
stances,  be  used  with  caution.  If  the  case  is  a  trifling  one,  a  simpler 
application  will  answer,  and,  where  the  secretion  is  abundant,  the  iron  may 
da  barm.  Hoth  lost  a  child  by  scpticsemiu  aCt«r  having  made  an  applica- 
IMM  of  chloride  of  iron  for  hemorrhage  from  the  cord.  It  is  very  common 
%o  M*  avpticiemia  proceed  from  the  uterus  or  from  a  lacerated  vagina  to 
wkUk  oUoridu  of  iron  has  been  applied  to  stop  hemorrhage.  In  all  of 
«Imm  «UM  the  thick  layer  of  coagulated  blood,  by  preventing  the  escape 
^  iW  IcmI  saeretions,  facilitates  absorption  of  septic  substances. 
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RouM  tlie  healing  of  tlto  uinhiiical  stump  not  proceftd  rapidly,  tlie 
navel  fossa  must  be  exHininr>ii  froqiicntly  and  applications  made  as  above 
described.  Not  unfrequently,  after  a  time,  a  growth  of  cxuImtbiii  jrraiiu- 
lations,  known  as  "  fuug^us,^  will  be  found  in  the  umbilical  fi^asa.  TliesA 
growths  are  sometiniea  sessile,  though  occasionally  ihoy  are  slightly 
pedunculated,  and  show  a  disposition  to  grow  rapidly.  Of  six  fungi  of 
this  sort,  described  by  O.  Kuester,  five  were  simple  grunulomata  without 
epithelial  covering;  another  was  half  covered  with  epithelium,  and  showed 
a  distinct  horny  layer  and  rete  .Malpighii.  Tlio  treutmeut  of  these  granu- 
lation growths  is  very  simple.  Touching  them  with  aUim>  an  occasional 
application  of  the  nitrate  of  silver,  or  once  a  day  touching  them  with  a 
drop  of  the  chloride  or  subsulphatc  of  iron,  or  aomotimes  the  application 
of  the  ligature,  sufHocs  to  hinder  their  further  growth  and  to  gradually  de- 
stroy them.' 


Examination  of  t/u  yeaiit/-Jiom^ 

The  body  of  the  infant  sliouM  undergo  rapid  and  exact  examination 
immediately  after  its  birth.  Malformations  of  the  extremities  and  of  the 
face,  spina  bitida,  hypo-  and  ej)ispadias,  imperforate  rectum  or  anus,  can 
be  easily  detected.  It  la  especially  important  to  examine  the  head  very 
carefully.  Now  and  then,  i>arlicularly  after  a  difficult  labor,  there  ran  bo 
found  tissures  chielly  u[>on  the  frontal  and  the  parietal  bones.  There  may 
also  be  arrests  of  development,  as,  for  instance,  encephalic  or  meningeal 
hernia.  The  latter  are  of  very  great  imiwrtjince.  Tlie  more  so  because 
there  are  forms^hich,  eapccially  in  the  temporal  and  the  orbital  regions, 
may  give  rise  to  great  mixtakcs  in  diagnosis.  This  subject,  being  tnaiidy 
of  pathological  interest,  may  hero  be  dropped.  But  there  is  another  class 
of  changes  which  is  of  vast  importance,  such  aa  obliquities  and  flatten- 
ing of  the  cranial  bones,  with  conBiderablo  asymmetry,  and  erosion,  or 
other  lesions  of  the  trtcin  resuUiiig  from  pressure  either  of  the  promontory 
or  of  the  forct-ps.  Still  it  must  not  bo  forgntlnn  that  there  are  deformi- 
ties of  the  head  which  cannot  bo  ascribed  to  disturbed  procossea  of  par- 
turition. Hecker  has  lately  laid  stress  upon  the  fact  that  there  are  certain 
forms  nf  the  head  which  are  not  the  consequence  of  face  presentation, 
but  rather  its  cause. 


'  Kaostor  has  also  described  a  lutTel  fun^ii  occurriug  m  a  tbreB-tnnnlliii-nlil  aliild, 
tbe  centre  of  wlitch  cooAbteil  of  denfte  ccniiioutive  timue.  witb  qIohuI;  jmukotl  round 
oelb  ODtidde  of  it.  Throiifftioat  the  eatire  mam.  frlands  were  embo<liIcd  with  cylindrical 
epithelium,  th«  cqWb  of  which  wftre  closely  paoko'I.  nimple  in  nattint,  ami  m^oflnred 
0.084  ram.  1'he  e|)ithcUum  of  the  tumor  lietwoon  tbo  gUndn  wua  dispOHod  in  a  ningle 
lorer  of  cubiform  cells-  This  fnogiiii,  tbcTefore,  was  probably  the  remains  either  of 
the  Bltuilotii  or  of  the  ductus  omphtJo-meiwateriauii.  The  former  might  1>e  inferred 
from  the  facts  demonstrated  by  Ahlfdd.  Zini.  Ruge,  and  Sabine,  which  iio-'ut  to  tlie 
presence  of  o  fourth  cnnal  in  the  umbilical  cord.  In  favor  of  the  lacter  is  the  fact  of 
the  not.  Tcry  nnoommon  orruiToiirai  nf  wpll-markcd  traccH  of  canak  utill  rpmnininjf 
open  which  ar«  capable  of  being  traa»I  into  the  iuteatiiial  tract.  Twice  in  my  life  have 
I  M«n  mch  lumorm,  evidently  the  rcmuaute  of  the  omphalo-meaoDterio  ducu 
Vol.  I.— 6 
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Turaofactions  about  the  head  are  frequent  and  intoresting;  somctimcfl; 
they  are  small  and  (x-domatous  only.  If  «o,  thoy  will  disappear  within 
twelve  or  twenty-four  hours,  Kvcn  in  thoiie  cases  in  which  there  are 
numerous  jniiictate  hemorrhages  in  thefc^deinatous  tumefaction,  the  swell- 
ing disappears  after  a  short  time.  Actual  oephaloluematomaia  are  more 
^ave  in  character,  because  now  and  thoti  they  c-an  be  more  dang'erous, 
and  have  a  longer  duration  than  the  simple  awollitij^  just  mentioned.  If 
the  seat  of  the  ceplmtolnrmalomata  is  simply  cxtnioranial,  and  th«^re  is  no 
complicAtion  M-ith  intracrAuial  hemorrhage,  the  only  remedy  required  is 
time.  Tho  tumor  will  steadily,  but  slowly,  increase  in  siate  for  several 
days.  Weelta,  and  sometimes  months,  are  required  for  its  absorjjtion,  and 
the  prof^ress  will  be  favorable  if  ifio  pnirtitionerdo  not  \neld  to  the  tempta- 
lion  of  disturbing  the  process  of  gradual  absorption  by  resorting  to  thera- 
peutical measures.  If  the  tumor  is  left  entirety  alone,  no  anomaly  will 
remain  behintU  These  cases  are  not  so  ji^rave  aa  thoy  at  first  appear.  If  the 
hemorrhage  bo  con'sidcrablc  and  the  periosteum  bo  removed  over  a  lar^re', 
surface,  it  will  result  in  slight  asymmetry  of  the  cranium  in  consequence 
of  now-formed  bone,  Tho  rule  is,  however,  that  all  changes  of  this  kind] 
will  after  a  time  entirely  disappear.  Even  marked  asymmetries  of  tK 
cranium,  resulting  from  more  important  palhoJogical  conditions,  have  a 
tendency  to  disappear  in  the  course  of  months  or  years.  TIius  I  remem- 
ber but  a  single  case  of  so  serious  an  aflfcction  as  craniotabe^,  in  which 
there  remained  during  life  a  very  moderate  flattening  in  the  right  occip- 
ital region. 

As  for  as  the  mouth  is  concerned,  malformations  may  render  nursing 
difiicu]t,and£nnictitnc.s  impossible.  The  nmscular  dehilrty  which,  now 
then,  prevents  tho  infant  from  nursing  its  primiparous  mother,  but 
niita  it  perhaps  to  dniw  milk   from  the  breast  of  the  multiparoiis  woman 
with  better-prepared  nipples,  I  shall  speak  of  at  some  otlu-r  place. 

Simple,  uncomplicated  hare-lip  prevents  nursing  only  in  feeble  chil- 
dren, as  long  as  the  alveolar  processes  do  not  complicate  the  fissure  in  tlio 
lip.  Nursing,  however,  is  complBtely  prevented  by  hai-e-lip  attended  with 
cleft  palate.  An  unusual  length  of  the  soft  palate  docs  luit  prevent  nurs- 
ing to  such  an  extent  as  does  undue  shortness.  In  the  latter  caae,  no 
vacuum  can  be  formed  in  the  mouth.  1  once  »aw,  in  an  idiotic  boy, 
soft  palate,  which  was  ontiroly  transparent  and  immovable.  There  WM 
absolutely  no  muscular  tissue  in  it;  and  the  n*ovemenlsof  deglutition  ani 
articulation  were  very  defective.  For  many  months  efforts  had  hocn 
made  to  improve  tho  bny^s  articidation;  yet,  during  all  this  lime,  his 
mouth  had  not  been  examined.  Small  defects  in  the  hard,  with  large  de- 
fects in  tlie  soft,  palate  are  also  Important  in  their  effect  upon  nursing. 

So  far  as  tin.'  sebaceous  follicles  along  tho  tniMlian  line  of  the  palate  are 
concerned,  as  described  by  Buhii,  1  have  not  seen  them  in  a  state  of  ulcer- 
ation immediately  after  birth;  but  1  have  seen  cases,  at  a  little  later  period, 
in  which  nursing  was  rendered  impossible  by  extensive  ulcerations,  which, 
in  consequence  of  permanent  neglect,  or  of  maltreatment,  had  extended 
down  to  the  bone. 
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Of  rohpsion  of  the  lips  in  the  meiUaii  line  I  have  no  ppraimiil  knowl- 
edge; but  extensive  iatcrul  Hssure  I  have  met  with.  Now  and  tlien  the 
tongue  gives  rise  to  incapability  of  nursing,  cither  in  consequence  of  a 
fissure  or  of  macroglossy.  In  the  l»tter  case  it  is  entirely  indilTerent 
whether  it  consists  in  an  actual  uew  formation  of  muscular  and  cellular 

(tissue  or  of  cystic  degeneration.  One  such  case  was  operated  upon  by 
Fairlie  Clarke.  This  affection  is  the  more  serious,  as,  in  macroglossy,  we 
usually  have  to  de^I  with  idiotic  children. 

It  has  been  frequently  asserted  that  the  J'reuum  Hnr/ucs  exerts  a  groat 
influence  upon  nursing.  Tlie  practice  of  cutting  or  tearing  it  dates  from 
ihe  period  in  which  the  meclianism  of  sucking  was  not  understood.  When 
th«rc  is  the  slightest  motility  of  tlic  tongue  forward  and  backward,  them 
can  be  no  possibility  of  an  impediment  to  nursing;  but  there  will  be  an 
obstacle  to  articulation.  Thus  I  have  never  seen  any  serious  results  aris- 
iitg  either  from  shortness  or  from  elongation  of  the  frenum  linguii?.  The 
so-called  "  swallowing  of  the  tongue,"  wliiirh  was  first  alluded  to  by  Petit 
and  l^evret,  consists,  however,  in  an  unusual  length  <*(  the  frcnum,  which 
permits  the  tongue  to  be  doubled  upon  itself,  thus  giving  rise  to  a  serious 
impediment  to  either  deglutition  or  respiration. 

Some  days  or  weeks  after  birth,  when  cleansing  the  mouth  is  neglected, 
there  will  be  niuf/itfl,  which,  now  and  then,  is  a  serious  inipedinient  to 
feeding,  and  may  render  the  weaning  of  the  infant  inevitable.     This  mii- 

»guet  may  bo  dangerous,  and  sometimes  it  proves  fatal,  although  the 
octuirrence  of  the  same  affecttun  in  the  tcsophagus  and  stomach  is  very 
rare  indeed.  It  is  of  very  frequent  occurrence  in  the  mouths  of  very  young 
infants,  and  in  a  number  of  instances  is  explained  by  the  frequency  with 
which  pregnant  women  (accorditig  lo  Ilausinann,  1 1  per  cent.)  suffer  from 
the  same  affection  in  the  vagina,  Tlio  oulium  ulbienns  of  the  muguct  of 
the  infant  is  also  the  parasite  in  this  affection  fif  the  vagina  of  the  woman. 
Moreover,  it  is  identical  with  the  okHiim  lacti.%  which  is  found  during  the 

I  fermentation  of  milk.  For  that  reason  it  is  iinpnsaible  to  distinguish 
varieties.  To  prevent  it,  alisolute  cleanliness  is  usually  sufficient.  It  is 
necessary  lo  wash  the  infant's  month  very  frequently,  after  every  nursing  or 
vomiting,  with  cold  water;  and  it  is  also  important  to  wash  the  nipple  of 
the  woman  after  ex'crj'  nursing.     If  drops  of  milk  aro  allowed  to  remain 

•  upon  the  nipple,  the  result  will  be  fermentation  an<l  local  irritation.  In 
fissures  and  under  scabs  there  are  deposits  of  bacteria  ami  vibriones;  and 
frtjm  these  the  month  oF  the  ebihl  is  liable  to  he  inlliienced.     .In.st  so  the 

Iinfunt  infects  the  mother.  When  muguet  has  first  made  its  appearance  ill 
the  nursling)  it  is  usually  suSicient  to  wash  the  baby's  mouth  with  alka- 
line solutions  frequently  and  thoroughly.  It  is  not  sufficient,  however,  to 
simply  wot  it;  but  the  oidlum,  the  c]>ithelinni,  and  the  foreign  substances 
which  make  up  the  deposits  are  lo  bo  ruhb^J  off,  until,  in  many  cases,  a 
small  quantity  of  blood  is  visible.  My  so  doing,  not  only  old  deposits  will 
be  removed,  but  the  farmatiuii  of  new  ones  will  he  prevented. 

Finally,  the  floor  of  the  month  should  bo  carefully  examined.  Brandt 
found  a  raniUu  of  the  size  of  an  almond  in  tlie  median  line  of  the  mouth 
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of  a  prl  of  four  days.  Her  brolber  had  a  still  largvr  one  at  the  same  aj^ 
In  a  girl  of  seven  weeks  he  found  a  bilateral  ranula,  and  one  upon  the 
left  Bide  of  the  mouth  in  a  boy  of  three  montha.  All  of  these  ca&es  wore 
speedily  cured  by  inciHinn. 

The  elimtrmtion  of  firt/ie  is  to  bo  carefully  noticed-  Not  rarely  will  the 
newly-born  infant  urinate  immediately  after  birth,  but  sometimes  hours 
paHs,  and  even  a  day,  before  the  bladder  is  emptied.  Deficient  excretion 
of  urine  may  be  the  re.tult  of  an  insufUcient  allowance,  to  the  infant,  of 
water.  In  such  cases  it  is  temporary  and  unimportant.  But  now  and 
then  there  is  an  actinil  alTedtiijiti  of  the  kidneys,  which  prevents  secrollon 
or  elimination.  Soon  after  birth  there  is  an  accumulation  of  uric  acid  in  the 
callces  of  the  kidneys,  which  may  prevent  the  excretion  of  urine.  Now  and 
then  this  gives  rise  to  the  format  iuti  of  atones,  which  are  sometimes  found 
in  very  young  infants.  In  forty  prist-iiiorlern  examinations,  made  upon 
infants  under  one  year  of  age,  1  found  renal  calculi  six  times.  This  oer* 
tainly  cannot  be  the  rule,  but  it  shows  what  may  bo  expected  under 
extraordinary  circumstances.  At  all  events,  copious  drinking,  occasionally 
of  mild  alkaline  aolutioiis,  and  warm  bathing  are  indicated  in  roses  of 
defective  elimination  of  urine.  The  restlessness  and  screaming  will  be 
relievetl  with  every  micturition.  The  same  obser\'ation  can  be  made  with 
reference  to  older  cliildreUj  who  have  violent,  constant,  and  apparently 
inexplicable  screaming  spells.  Those  symptoms  depend  frequently  upon 
the  presence  and  elimination  of  gravel  or  renal  calculi.  Nor  is  this  nil; 
there  are  a  number  of  cases  in  which  the  presence  of  uric  acid  iiifarctus  is 
the  first  cause  of  nephritis,  that  disease  being  the  immediate  result  of 
actual  irritfttioti  or  even  real  injury.  In  many  a  case  apparent  mentngilis 
in  very  young  children  will,  upon  close  examination,  be  found  to  Ijoa  c-ose 
of  nephritis.  In  one  case,  at  least,  which  passed  under  my  observation, 
there  was  apparent  sclert^ma  in  the  newly-born  that  was  the  result  of,  or 
perhaps,  I  might  say,  was  complicated  with,  acute  nephritis.  In  that  in< 
stance  the  nephritis,  without  doubt,  was  due  to  the  presence  of  copious 
deposits  of  uric  acid  Lnfarctus. 


77(c  Hippies  of  the  Netply'Bom, 


The  nipples  of  the  newly-born  ex^iibit  occasional  changes,  either  imme- 
diately after  birth  or  after  some  days;  tumefaction,  or  secretion,  is  not 
very  rare.  Guillot  reports  as  follows  on  his  examinations  of  the  latter:  It 
occurred  from  the  seventh  to  the  twelfth  day,  after  which  it  decreased  and 
ceased.  It  was  white,  neutral,  or  alkaline,  turned  sour  when  cxposeti  to 
the  atmosphere,  fonned  a  serous  and  a  cream  layer  on  standing,  and  con- 
sisted of  water,  casein,  fat,  and  sugar.  Under  the  microscope  there  were 
spherical  bodies  of  unequal  diameter,  translucent,  and  insoluble  in  ether. 
Schloasberger  found  alkaline  reaction ;  tlie  lirptids  Inoked  like  watered  milk, 
did  not  coagulate  under  the  influence  of  heat,  but  did  so  under  that  of  acid 
or  rennet;  they  contained  much  sugar,  normal  milk-corpuscles,  no  ooloa- 
trum  corpuscles,  no  pus.     Genser  examined  the  mammary  secretton  of  a 
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gjrl  of  fourtcon  days,  whoso  nianimje  were  as  Iar|^  as  a  walnut  each,  and 
permitted  the  removal,  by  gentle  pressure,  of  3  grms.  of  liquid.  Its  specific 
pravity  was  I.OlUSli;  it  was  atrongly  alkaline.  The  microscopical  exami- 
tiation  revealed  corpuscles  of  fat  and  colostritm  and  cell  detritus.  Chemi- 
cally it  contained  casein, o. 57;  albumen,  4.Ulf;  sugarof  milk,  9.50;  butter, 
14.50;  salta,  8.26 — altogether  4.1.^5  perl,OOU  of  solid  constituents.  The 
jtercentago  of  salts  corresponds  better  with  that  of  blood  (0.8)  than  with 
that  of  iniik  (0.4-0.5).  In  the  salts  there  were  muriatic,  sulphuric,  and 
phosphoric  acids,  sodium,  potassium,  calcium,  magnesium,  and  traces  of 
iron. 

Synety^s  examination  was  mainly  anatomical  and  microscopical.  The 
histological  and  secretory  chitractor  vf  tlie  iiiammiu  of  the  newly-born  was 
very  much  like  that  of  the  wotnan,  with  none  but  the  quantitative  diflcr- 
ence,  and  without  difference  as  to  sex.  The  superlicial  milk-ducts  wore 
obstructed!  with  epithelium;  toward  the  interior  they  dilated,  and  formed 
cavities  with  cubic  epttlieliuni  and  u  litpiid  resembling  cuIoBtruin.  The 
latter  may  be  absent  In  the  mature  infant,  but  not  unfrequently  it  is  mot 
with  in  prematnro  and  still-births,  though  the  mamimi;  exhibited  but  a 
rudimentary  development.  The  secretion  resembles  that  of  the  wurnan 
mostly  from  the  fourth  to  the  tenth  day;  the  gland  itself  differs  from  that 
of  woman  quantitatively  only.  About  that  time  the  milk-ducts  show 
diverticlcft  and  sprouting;  not  all  of  them  yield  a  secretion  but  all  carry 
a  cubic  epithelium.  The  seorelion  obtained  by  pressing  the  gland  in- 
creases up  to  six  or  eight  weeks. 

Squeezing,  however,  must  be  avoided.  It  is  barely  possible  that  the 
glands  can  be  squeezed  out  without  any  injury;  but  the  rule  is,  the  bring- 
ing on  of  irritation  and  inflammation.  Suppuration  in  the  infant,  and 
nnttilation  of  a  mamma  in  flie  adult  from  that  cause,  T  have  seen  a  num- 
ber of  times.  When  there  is  an  inflammatory  irritation,  wiiter  or  lead- 
wash  are  indicated;  where  there  is  swelling  with  hardness  without  redness 
or  pain,  iodide  of  potassium  and  glyccriiie  (1  :  :M>)  externally,  with  or 
without  extract  of  bclUdonrm. 

Angiomuta  on  or  very  near  the  mammie  are  not  rare.  The  subject 
docs  not  strictly  belong  here;  but  I  will  say  that, as  these  nievi  arc  apt  to 
grow  fast,  and  become  destructive  to  the  neighboring  tissue,  they  ought 
to  be  destroyed  soon  in  female  infants.  The  safest  means  is  the  actual 
(galvanic)  cautery. 


5fetn — Bathing — Temperature, 

The  Bnrt  l>ath  of  the  child  and  its  bathing  gonoraHy  require  great 
eantion.  Tlie  effect  of  the  increase  or  diminution  of  bodily  heat  in  the 
newly-born  or  young  child  presents  many  peculiar  features.  The  statn- 
monta  of  different  writers  with  regard  to  the  temperature  of  newly-born 
infants  are  on  the  whole  ])rettv  uniform.  OceAsiouHlly,  however,  we  myet 
with  some  diaorciiftncies  in  the  measurements,  wlina  the  temperature  i« 
taken  irregularly  and  unfruqueutly.     Thus,  J.  Stockton  Hough  examined 
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H  children  and  again  13,  of  agos  v«r^'tiig  from  30  hours  to  44  mouthy 
and  found  in — 

5  children  from  SO  to  3G  houra  old  an  aver.  temp,  of  3T.39*  C.  (99.4**  F.) 

6  «  3  "  10  days  "  «  3H.97'*  C.  (98.0^  K.) 

7  "  8  "  0  weeks  "  "  3G,73"»  C.  (98.3°  K) 
n               «           3  **  44  months         "            "            36.87"  C.  (98.5»  F.) 

Bat  wo  have  plenty  of  facts  that  are  moro  reliable.  Juer^ensen  gttnoralljr 
found  less  regularity  than  in  a  maturcr  a^^o,  and  less  variation  depending 
upon  the  time  of  day.  Baerensprung  found  immediately  after  birth  a 
rectal  temperature  of 'from  37.8"  to  37.9*  0.  (lOO*  F.  lo  100.4"  F.),a  little 
higher  than  in  the  uterus  or  vagina.  He  observed  a  fall  of  tempentture 
of  one  degree,  Centigrade,  after  the  (irst  Imth,  and  during  the  first  i^n 
days  a  rectal  temperature  of  37.C"  U  (99.8*  K.)  in  the  evening  and  37.4° 
V,  (99.4"  F.)  in  tlie  morning.  In  normal  births,  Wurster  found  the  tem- 
perature of  the  newly-born  child  on  an  average  0.1*  C.  (00.3'  F.)  higher 
thati  the  tein|H'rature  of  the  vagina.  (Gax.  nied.,24;  Gnz.  hop.,  17,  187'^.) 
lie  alito  found  that  when  there  was  an  elevation  of  temperature  in  the 
vagina  the  bodily  heat  of  the  child  was  proportionately  higher.  M. 
Andral  eondudcs,  from  twenty-seven  measurementa  of  the  tem|H!rature  in 
the  infunt'a  axilla  and  four  nieuaurements  in  the  uterus,  that  the  temjierH- 
ture  of  the  newly-born  child  is  generally  above  normal,  seldom  below  (38.7^ 
-38.9'  C.  [101.8°-I03.l°  F.]),  corresponding  to  the  temperature  of  the 
uterus,  which  is  O.r-0.4''  C.  (00.2*-0.8''  F.)  higher.  Bui  it  is  only  just 
after  birth  that  the  temperature  shows  this  elevation.  A  half  hour  later 
it  is  rather  bolow  normal,  and  from  the  second  hour  is  equivalent  to  the 
normal  temperature  of  the  adult.  Andral's  opinion  is  that  the  abnor- 
mally  high  temperature  of  the  new-born  ehiUl  is  due  to  tho  uterus,  the 
temperature  of  which  will  be  found  a  little  higher.  Had  he  t»ken  his 
measurements  in  the  rcutum,  however,  and  not  contented  hiitiiwlf  with 
those  obtained  in  the  axilla,  he  would  doubtless  have  found  a  difference 
the  other  way.  Lepino  took  tho  temperature  of  one  hundred  children 
twice  during  the  day  in  the  rectum.  Directly  after  birth  he  found  the 
temperature  0.2*  C.  (O.^ij"  F.)  higher  tliaii  in  the  vagina  or  rectum  of  the 
mother  (37.5°  0.  [99.5°  F.]),  and  for  the  reason,  as  ho  very  properly  states, 
that  the  latter  are  more  liable  to  be  cooled  than  the  fcctus  in  utero.  In 
the  colder  tomporaturo  of  tho  air  the  temperature  of  tho  child  fulls  for 
several  hours  (in  weakly  childron  to  33'  C.  [91.5°  F.]),  and  after  twenty- 
four  hours  bticuines  riurmal  Bgaiii.  An  iiiturusting  supplcTneut  to  his  ub* 
servations  is  alTorded  by  the  temperatures  as  compared  with  the  weight. 
When  the  weight  of  the  child  increased  from  the  fifth  to  tho  eighth  day, 
the  tempnrature  was  3fi.83*  C  (98.4"  F.);  where  the  weight  did  not  in- 
crease, it  was  30.82"  C,  As  a  general  rukr,  lus  temperatures  arc  a  litdo 
low,  possibly  for  the  reason,  .suggested  by  himself,  that  all  of  the  children 
whom  lie  examined  lived  under  unfavorable  conditions.  H.  Fehlingmade 
1,2D0  observations  upon  ninety  children;  twenty-five  examinations  gave  a 


n  temperature 
v.)  for  girls,  with  variations  from  j;.ti='  to  3b.U'  C.  {'MW-WZ"  F.)  After 
birch  there  was  a  fall  of  tem|>erature  wliich  puHSRil  away  In  from  ten  to 
twelve  liours.  I-ater  there  was  a  charactoristio  difference  between  tho 
temperature  of  children  bom  at  maturity  ami  in  good  condition  (37.35*  <-'. 
[99.2*  F.])  and  those  born  prematurely — two  to  aix  weeks  before  lime 
(ae.Sl"  C.  [98.3°  F.J).  Fever  in  tho  nmsing  uiuthcr  had  no  effect  upon 
the  child^s  tGni|)orature. 

My  own  temperature  measurements,  which  have  not  been  very  numer- 
ous, v»ero  all  laken  iit  tho  rnctum.  I  have  onojLsionally  fouinl,  directly 
■  after  birth,  a  difference  between  the  rbiid's  tcmporuture,  and  that  of 
the  mother's  vagina^  in  favor  of  the  fonner.  But,  as  a  nile,  tho  child's 
temperature  sank  in  a  very  short  time  by  0.5-1"  C.  (0.19°  F.-O.IS"  F.), 
and  on  the  foIlowing^  day  was  normal,  above  37°  V.  (08.S°  F.).  The 
cause  of  the  fall  in  temperature  had  been  correctly  indicated  by  others. 
It  lies  partly  in  the  imperfect  circulation  and,  especially,  tho  iniperfoct  rea- 
piratiun,  and  in  the  decided  ohllliug  to  whicli  the  child  is  exposed  on  enter- 
ing tlie  world.  The  feebler  the  child  is,  the  longer  will  it  be  bc-fore  the 
cutaneous  temperature  rises  ajji'ain.  For  this  reason,  as  liaa  been  aaoer- 
tained  by  exiiniinations  made  in  the  axilla — as  deceptive)  here  aa  in  many 
diseases  wlicre  either  tho  surface  is  very  rapidly  cooled  or  tho  cutaneous 
circulation  is  very  sluggish — there  is  always  a  certain  lowering  of  the  tem- 
]>craturo  immediately  after  birth.  Tlie  effect  of  a  moderate  degree  of 
ookl  acting  on  the  akiti  and  exciting  rellox  action  is  beneficial.  But 
if  the  ci>\d  is  long-continued  before  the  bodily  functions  are  fully  and  regu- 
larly established,  it  can  only  do  harm.  Therefore,  the  newly-born  chihl 
should  not  remain  too  long  uncovered.     The  physician  caruiot  watcli  the 

•  professional  nurse  loo  carefully,  as  she  slowly,  with  great  deliberation 
and  with  great  show  cif  wlsdtim,  addresses  herself  to  the  work  of  oiling 
and  soaping,  washing,  rubbing,  drying,  Imndaging  and  dressing  the  child, 
till  Kuallv,  its  huuds  and  feet  blue  with  cold,  uiul  its  cheeks  sunken,  its 
array  is  complete. 

The  child's  bath  should  not  he  too  Imt.  The  immeiiAO  number  of 
deaths  from  trismus  that  occurred  in  the  practitH)  of  the  Klf>ing  midwife 
(D!^>  out  of  380  deliveries)  is  a  snflicient  warning  in  this  coniUH'tion  (tve)irer). 
On  tho  other  hand,  it  should  not  be  below  32^  C.  («fJ  5°  F.).  Violent 
chilling  of  tho  akin  at  this  early  period  of  life,  beforo  the  functions  have 
become  regular,  should  be  carefully  avoided.  During  tho  first  few  months 
the  temj>erature  of  the  hath  shoidd  not  be  much  lower,  and  always  should 
be  tested  with  the  thennometcr.  Wo  rio<nl  not  sliaro  J,  Simon's  fears 
'*  that  the  epidermis  will  be  macerated  by  tho  warm  baths  ; "  that  the  chil- 
drt^ii  bathed  every  day  will  become  pale,  feeble,  and  relaxed,  and  "suffer 
from  eczema;"  although  we  must  ntlmit  the  truth  of  his  zoijlogieal  ob.scr- 
vation  that  "no  other  sucking  animal  regularly  receives  a  warm  bath.** 
The  fact  should  b©  remembered  that  the  younger  tho  child,  the  greater  is 
the  proportion  of  external  surface  to  the  cubical  contents  of  the  body,  and 
that  the  immciuc  uumbor  of  seositive  ucrvo-filamcnts  and  capillaries  ex- 
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poBe  the  surface  in  the  young  infant  to  violent  reflex  manifestationa  A 
long^-continued  cool  bath  will  not  be  borne  eve«  by  children  of  more 
advanced  age.  Kor  this  reason,  cool  or  luke-warm  baths  act  bo  quicklr 
and  ufTeotivuly  in  the  fevers  of  children.  For,  as  already  said,  it  ia  not 
upon  the  weight  of  the  body  that  abstraction  of  heat  or  the  subsequent 
reaction  depends,  but  upon  the  relative  extent  of  con<lucting  and  ratliat- 
ing  surface. 

When  tho  child  is  a  few  months  old,  and  during  the  hot  season  espe- 
cially, the  warm  baths  should  l>e  followed  by  a  cooler  one,  or  later  even  by 
a  cold  budt,  with  brisk  rubbing.  A\''hen  baths  projwr  are  not  given,  but 
simple  washing  supplies  its  place,  inasmuch  as  tho  whole  surface  is  nut 
exposed  at  once,  cooler  water  ean  be  employed.  Brisk  rubbing  must  not 
be  neglected,  and  it  should  l>e  done  during  the  bath,  when  ihe  Iwths  are 
griiilually  being  made  colder.  It  serves  both  to  excite  (hn  cutaneous  ar- 
tivity  and  to  constantly  bring  fresh  water  in  contact  with  the  body.  In 
pathological  conditions  it  is  important  to  bear  in  mind  that,  when  luke- 
warm or  cool  baths  are  given  for  the  puq)08e  of  reducing  the  temperature, 
this  object  is  always  acc-ompllslied.  liut  if  the  activity  of  the  cooled  skin 
is  not  restored  again,  the  temperature  of  tho  interior  of  the  body  will  be 
pnnrmously  inercasod  while  the  skin  remains  oool.  In  such  cases  the 
temperature  will  fall  rapidly  when  a  warm  or  hot  bath  is  given,  with  tht» 
effect  uf  dilating  the  cutaneous  blood-vessels,  inciting  external  circulation 
and  restoring  radiation  from  tho  surface.  The  indication  for  so  doing  is 
mainly  found  in  such  cases  as  are  liable  to  prove  dangerous,  and  termi- 
nate fatally  through  the  elevation  of  temperature  only. 

But  tfiese  pathological  and  tlierapeutlcal  questions  do  not  concern  us 
here.  1  insist  only  on  this,  again,  that  the  bath  of  the  young  infant  b9 
wurui  (about  31"  or  33"  C.  =  90"  F.);  about  the  end  of  the  siH^ond  or  third 
year  the  temperature  of  tho  (short)  l*ath  ought  to  be  about  23°  or  2i°  C. 
(Ta'-To.S"  F.).  The  warm  bath  of  the  young  infant  ought  to  be  followeil 
by  a  sponging  ofT,  or  washing,  with  cooler  water,  before  the  final  rubbing 
and  drying.  This  is  suflicient  in  the  direction  of  hardening.  The  latter 
is  desirable,  but  protection  and  safety  more  so. 

There  is  hut  little  to  be  said  concerning  general  dietetic  rules  for  the 
newly-born,  such  as  are  contained  in  tho  nuniberloss  text-books  on  dis- 
eases of  children,  or  obstetrics.  General  physiologit-al  and  dietetic  prin- 
ciples auflice  for  the  purpose  of  regulating  the  care  of  the  very  young. 
It  is  true  that  the  young  infant  re(|uire3  more  care,  but  not  true  that  it 
requires  a  difforont  one.  In  r*'gard  to  the  above  remarks  on  the  treatment 
of  the  skin,  this  only  may  bo  added,  th.U  rapid  changes  of  teniperaturt* 
aw  not  well  toleratod,  and  hi^h  and  low  temperatures  both  must  be 
avoided.  Besides,  by  regular  and  moderately  warm  bathing,  the  skin  is 
kept  in  a  sulTioiently  norninl  comlition  to  reduce  tho  number  and  severity 
of  cases  uf  intertrigo.  When?  it  develops,  nevertheless,  lycopodium  and 
starch  act  less  beneficially  than  oxide  of  zinc  or  subnitrate  of  bismuth. 

.    Clothing  must  bo  warnt  antl  comfortable.     Feet  and  abdomen  require 
keeping  warm.      Soft  flannel,  or    merino,  in  summer,  is  indisi>ensHble 


amon^  the  articles  of  clothing.  Nothing  ou^ht  to  press  or  constrict. 
Even  in  Gorinsny  they  bog'in  to  acknowledge  the  fact  that  a  baby^s  limbs 
and  clioat  rcqutro  a  certain  freedom. 

The  general  rule  of  keeping  a  baby's  liody  warm  perniitH  cif  but  a  sin- 
gle exception  ;  and  thitt  refers  to  ha  head.  It  ought  to  be  kept  cool,  and 
requires  n  hair  instead  of  a  feather  pillow,  or  a  folded-up  sheet  over  the 
latter.  Feather  beds  must  be  avoided  altogether,  except  in  the  fuse  of 
feeble  or  prematurely  born  infarttH,  in  whorii  it  is  often  very  dilHcult  to 
preserve  a  uuifonnly  warm  tein))craturo  of  tlie  surface. 
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Infant  Fkeding, 

During  the  ycant  1845-1804  the  percentage  of  infants,  under  observa- 
tiou  in  the  clinic  of  Prof,  Stoltx,  iti  Stnusburg,  when  nursed  by  their 
mothers,  was  lil;  that  nf  infantft  raised  by  Mtrangers,  87.  Willpniain 
compared  the  mortality  of  nurslings  remaining  with  their  mothers,  while 
in  ]>riBon,  with  that  of  infants  raised  on  artificial  food  outside  the  prisons; 
the  former  was  Itf,  the  latter  43  per  cent.  Kranlc  re^wrts,  for  .Munich, 
*,804  deaths  in  the  first  year  of  life,  in  18«S;  2,531)  in  18(1!);  2,nSf;  in  18*0. 
The  percentages  of  those  raised  on  broa»t-milk  were  lU.IJ,  10.1,  17.(3;  of 
those  fed  without,  81I.4,  Sli.'J,  82.4.  K.  Walser  reports  a  death-rate  of 
infanta  under  a  year  of  4J)9  per  1,000,  in  a  country-town  where  breast- 
milk  is  withheld  systematically;  of  322  in  a  neighboring  town  where  i>ftrt 
of  the  babies  an;  raised  on  ihe  breast.  Ttie  difteronccs  in  the  feeding  in 
these  two  localities  do  not  depend  on  net^ossily,  but  on  custom  only; 
mnd  tlie  fatal  results  of  arlitielal  and  coarse  aticnentatiun  miglit  be  avoided. 
Under  leas  favorable  circumstances  are  babies  in  industrial  districts, 
where  women  are  compelled  to  work  in  factories.  In  Zurich,  Dr.  Klein- 
mann  found  the  infant  mortality  considerably  larger  in  the  industrial 
than  in  the  agricultural  neighburliood.  Kow,  of  all  the  deaths  (1,022)  in 
the  first  year  of  life,  40.89  per  cent,  were  from  digestive  disorders,  and 
'ii.Ol  from  respiratory  diseases.  In  the  second  year  of  life  there  were 
*»Ii5  deaths,  of  which  9.0G  per  cent,  were  of  diseases  of  the  digestive,  36.54 
of  the  respiratory  organs.  Thus  the  main  cause  of  death  changes  com- 
pletely. In  the  first  year  of  life  stomach  and  intestines,  in  the  second 
bronchi  and  lungs,  arc  the  sources  of  inc^reasn  of  the  death-rate.  The  respi- 
ratory organs  are  bettor  protected,  habitually,  in  the  first  year,  and  the 
digestive  organs  more  improperly  treat«d.  Those  infants  who  Burvive  the 
first  are  exposed  to  the  same  parental  ignorance  and  carelessness  concern- 
ing the  ret{uirements  of  the  organs  of  respiration  in  the  second. 

Mortality  diminishes  with  every  day  of  advancing  life.  Every  addi- 
tional hour  improves  the  baby's  chances  for  preservation.  Of  1,585 
illCanta  bom  alive,  687  died  in  the  first  month,  222  in  the  second,  157  in 
the  third — 1,0C6  in  the  first  tpiarter.  According  to  the  records  of  the  Grand 
Ouchy  of  Baden,  during  the  twelve  years,  1852-1  8*)3,  of  infants  horn  alive 
26.13  per  cent,  died  in  the  first  year;  of  these  10.60  In  the  first,  3.06  in 
the  second  month.     Thus  more  than  one-half  of  those  dead  before  the 
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end  of  the  first  twelvemonth,  pcrishotl  in  the  first  two  months.     Tlius  the 
causes  ot  tliseiise  arc  Ttiore  Bcti%-e  the  earlier  thoy  are  brought  to  bear  upoq^ 
the  young  willi  ita  defyotive  vitality. 

Two  fj^avc  conotusions  are  to  be  drawn  from  thi»  fact.  The  Bret  is, 
that  the  (limiiiutlanf)f  early  mortality  depends  on  avoidiii;;;  4lisoiLSPa  of  the 
dl;^i!stive  orj^atis  by  iTisisting- upon  normal  aliinentaliun.  Tliis  is  princi-' 
pally  impnrlaiit  in  the  iintt  few  months.  While  brea«t-m)lk  has  been 
shown  to  lower  infant  mortality  throui^^h  the  whole  first  year,  it  does  so 
more  in  the  Krst  few  months.  Thus,  though  an  infant  may  not  be  fed  on 
breast-milk  throu^jh  the  wliol-?  normal  porioil  of  nursinj^,  a  great  ^in, 
indeed,  is  acconvpli.slit'd  by  LnsiHtin;^  on  nursinjj^,  though  for  a  limited  timo, 
perhaps  two  montlis  only.  Thert*  are  but  few  mothers  but  will  be  ca^Mi-J 
l>Ie  of  nursing  during  that  brief  time,  and  none  who  ought  to  bp  spared  tho 
iiocusation  of  causing  ill-lieoltli  or  death  to  her  baby  if  she  refuses  to 
nurse  it  at  h^ast  tlirough  the  first  ilung^orous  n»onths.  The  secoml  conciu- 
sioM,  resulting  from  tlie  above  H^ures,  is  this,  that  the  dietetic  pmblems 
and  rules  for  the  infant  concern  the  digestive  organs  mainly.  Thus  their 
physiology  and  patholo;jfy,  as  inBucnccd  by  feeding,  will  be  the  main  ob- 
jects of  the  ri>llowing  p:tges;  and  one  of  the  prlticipal  dJthculties  in  this| 
eonnection  will  be  rniind  In  the  seleetiunof  the  proper  artitici&l  food  when 
breast-milk  cannot  be  obtained. 


JJrenst-mifX;  w/ien  to  be  given — Loss  of  Wkiffhf. 

The  question  as  to  whether  the  newly-born  child  should  be  put  to  the 
breast  at  otice  or  after  waitin™-  a  short  lime,  can  perhaps  be  belter  ap- 
proached afti.T  wo  shatt  have  considered  certain  eha?iges  in  weight  whicli 
the  (ihild  niidergoea.  The  commonly  aecepind  rule,  that  the  weight  of  tho 
normal  child  stands  in  a  iici:o»sary  relation  to  its  condition,  may  be  taken 
for  granted,  la  speaking  of  sueh  a  relation,  however,  we  exclude  the 
slight  losses  of  weight  due  to  evaporation  of  the  anuiiotio  fluid,  the  re* 
moval  of  vernix,  or  the  evacuation  of  already  formed  meconium  and 
urine.  The  writer  who  first  distinctly  sUted  the  fact  that  the  newly-born 
child  lost  in  weight  after  birth  was  Chaiissier,  Since  then  Bouchaud, 
Hanke,  Winckel,  Gregory,  Edlefsen,  I^ittor,  Knopf,  Kruogor,  Kesmarzsky, 
Ingerslcv,  and  otfiers  have  followed  up  the  subjw^t  with  activity.  SliU 
another  investigator,  and  one  of  the  most  atx^omplished,  is  Kehrer. 
Chaussier  went  only  so  far  us  to  obser^-o  that  children  continued  to  lose  in 
weight  from  one  to  five  day.*,  when  they  began  to  gain.  Kesmarxsky  found 
a  rapid  loss  during  tho  ilrst  two  or  three  days;  after  which  there  was  a 
gradual  increase,  but  so  slow  was  it  tluit  by  the  seventh  day  scarcely  one- 
half  of  what  was  loHt  had  been  regainpd.  Haake  ascertained  that  in  tho 
first  twenty-four  hours  there  was  an  average  loss  of  four  ounces  ;  accord- 
ing  to  Witickel  it  was  ',iA7  oz.  for  boys  and  4.'-J5  oz.  for  girls.  According 
to  Ilaflke,  the  total  loss  of  weight  amounted  in  boys  to  from  one-sixteenth 
to  one-seventeenth  of  the  entire  weight;  in  girls  it  was  frnmone-firteenlh 
to  one-six  toe  nth.    Winckel  found  that  thu  total  loss  varied  between  3  and 
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15  oz.  (90  and  450  grms).  Tliirty-tliro*  per  cont  of  newly-horn  children 
had  not  recovered  their  original  w(>ight  by  tlio  ninth  day,  and  it  was  ob- 
served that  hoys  recovered  a  little  niuro  quickly  and  lust  k-ss  limn  girls. 
M'ilh  the  exception  of  Bre^lati  and  Ing-erslcv,  all  observere  soein  to  a^rco 
upon  this  point.  There  a]){>ears,  alijo,  to  be  no  dilTerencc  of  opinion  with 
regard  to  the  observation  of  Winrkel  and  others,  that  those  children  who 
wore  freely  nourished  with  breast-niitk  bopan  to  increase  in  weiglit  on  thfl 
third  or  fourth  day,  while  tliose  fed  upon  cow's  milk  hud  not  regained 
their  original  weight  by  the  tenth  day. 

Of  no  less  interest  Is  tlie  observatinn,  that  heavy  children  suffer  Iomk  Uw» 
than  light  ones  (Ingerslev),  and  that  the  childrtMi  of  prinilpani^  lose  more 
(7.2  per  cent.)  than  those  (0.48  per  cent.)  of  multipara?.  Accortling  to  In- 
gerslev,  the  weight  of  the  children  (3,450  in  the  I.ylng-in  Hospital  at  Copen- 
hagen) increased  with  each  succes»lvo  pregnancy.  Duncan  had  »tated 
that  the  age  of  twenty-nine  in  the  mother  murks  the  inaxinium  }»oint  lit 
respect  to  the  weight  of -the  children  borci.  Iiigerslev's  results  uniformly 
showed  that  of  50  children  raised  at  the  brenst,  47  lost  in  weight  until  the 
third  day,  and  33  did  not  begin  to  gain  until  the  fifth  day.  These  facta 
acquire  a  greater  theoretical  and  practical  significance  by  comjwiring  them 
with  observations  made  upnn  the  lower  animals  (Kehrer).  In  all  mam- 
mals there  is  a  loss  durijig  the  first  tiour  or  day,  depending  upon  evu|x>ra- 
tioa  of  fcEtal  fluids,  or  the  discharge  of  meconium  and  urine.  I3ut  aside 
from  this,  there  is  in  them  an  immediate,  and  uninterrupted,  though  vary- 
ing, increase  in  weight.  The  reason  of  this  IIch  in  tlie  fact  that  the  yming 
of  animals — the  dog,  rabbit,  clft,  or  deer,  for  example — begin  to  suck 
directly  after  birth,  often  while  yet  attached  by  the  umbilical  cord.  The 
pig  and  lamb,  too,  take  the  dug  after  an  hour,  and  the  calf  and  foal  five 
or  six  hours  after  birth.  Tliis  early  nucking  has  a  bearing  upon  the  pro- 
duction of  the  milk.  The  udders  of  these  animals  begin  to  secrete  earlier 
than  the  average  breast  of  the  human  female.  Colostrum  begins  to  How 
even  before  j-he  commencenietit  of  labor.  During  parturition  the  dugs 
swell,  and  at  birth  there  is  an  abundant  supply  of  eoIost>*>im  ;  and  tho 
young  animal,  possessed  of  no  prejudice  in  respect  to  tho  "slight  nutri- 
tive value"  of  colostrum,  sucks  and  thrives. 

From  the  foregoing  scries  of  facts  wo  draw  the  following  conclusions: 
Large  children — hence,  as  a  rule,  boys — suffer  less  loss  of  weight  and  re- 
cover more  quickly  than  small  ones.  A  medium  age  on  the  part  of  the 
mother  is  favorable  to  the  protluction  of  large  cliildren.  Fet-diug  with 
cow^smllk  delays  the  Increase  in  the  ehihrs  weight.  Putting  the  child  at 
once  to  the  breast  affords  a  means  of  increasing  tlie  weight  Immediately. 

It  will  rest  with  tho  six^ial  science  of  tlic  future,  controlled  by  liber- 
ality and  culture,  to  determine  how  far  measures  shall  be  taken  to  pre- 
vent child-bearing  among  women  who  are  immatun;  both  In  body  and 
irears,  in  order  to  insure  the  generation  of  children  vvith  larger  frames,  and 
hence  better  adapted  to  the  conditions  (if  life.  In  this  way  only  coulil 
the  probability  of  producing  larger  chlhlren  hn  increased.  We  have  gen- 
eral reasons  for  believing  that  our  babeti  are  largur  thau  thuso  of  former 


9S 


INFANT   HYQIENK. 


centuries.     For  we  know  that,  through  the  improved  facilities  for  obtain- 
ing food  attd  the  increased  protection  afTordod  tu  life,  health,  duration  of  i 
Jifc,  size  and  strength  of  body^  have  all  been  improved  and  augmented. 
For,  in  spite  of  the  tendencies  of  our  civil  industries  to  create  at  the  same 
time  immense  fortunes  and  immense  misery,  and  though  we  still  have  with 
us  the  "  poor  peasant  boys  who"  have  to  die  before  they  have  liad  a  single  i 
chance  of  once  eating  a  square  meal  "  (Ziminermann,  History  of  tbe  Peasant ' 
M'ara),  yet  the  life  of  the  average  man  is  better  supplied,  belter  prt>- 
tected,  more  vigorous,  and  of  longer  duration  than  ever  before.      The 
justness  and  moderation  of  future  periods  of  development,  in  elevating 
the  general  morality,  will  improve  the  stamp  of  the  race.     But  we  do  not 
need  to  wait  for  the  future  to  arrive  at  some  practical  and  immediate 
conclusions. 

The  more  abundant  the  supply  of  mother^s  milk,  and  the  earlier  it  is 
furniHhod,  i,  e.,  the  sooner  the  cliiM  is  put  to  the  breast,  the  better 
it  will  ho.  With  evp.ry  hour  of  cuntinut*d  luss  of  weight,  the  newly-born 
child  is  losing  vigor,  and  muscular  power  besides.  The  child  often  mnsi 
Ictirn  how  to  suck,  and,  white  it  makes  its  first  efforts,  the  mammary  gland 
is  stimulated  through  reflex  action,  producing  increased  congestion  and 
secretion.  The  loss  of  weight  on  tlie  part  of  the  child  must  not  be  under- 
estimated. The  animals  upon  which  Chaussat  experimented  had  but  to 
lose  a  fifth  of  their  weight  before  dying  of  starvation. 

It  is  true,  however,  that  most  women  do  not  have  any  colostrum  in 
their  breasts  till  somo  time  between  the  first  and  fifth  days,  usually.  Vigor- 
ous women  or  delicate  women,  with  wcll-devt'Iopod  breasts,  are  indeed  the 
exception.  But  it  happens  often  enough  that  even  before  the  birth  of 
the  child,  a  moderate  secretion  from  the  breast  takes  place,  and  it  is  not 
80  very  rare  that  the  child  finds  nourishment  directly  after  its  birth.  These 
comparatively  exceptional  cases  should  become  more  the  rule.  The  cattle- 
raiser  pays  very  great  attention  to  feeding  during  the  last  few  months 
of  pregnancy  and  during  parturition.  But  the  child-bearing  woman  h 
treated  differently.  The  domestic  animals  receive, directly  after  the  birth 
of  their  young,  quantities  of  nourishing  and  easily -digested  liquid  food. 
But  for  centuries  it  has  l>een  the  custom  to  put  the  pucri>cral  woman 
ujion  a  starving  diet,  however  much  her  health  may  have  suffered  or  her 
strength  have  been  reduced.  The  demand  for  sufficient  nnurishment 
should  not,  however,  lead  to  any  excess  (A.  Flint,  Sr.,  Barker),  for  even 
the  cattle-raiser  kimws  that  too  much  or  too  coarse  food  tends  to  induce 
obstruction  and  fever.  But  the  food,  both  in  quantity  and  quality, 
should  be  sufifieient  to  supply  the  blood  with  protein.  For  the  dictates 
of  common  sense  leach  that  the  puerperal  woman  should  not  in  nine  days 
lose  one-twentieth  of  her  weight.  I  conclude,  therefore,  thai  the  diet., 
both  of  the  pregnant  and  the  puerperal  woman,  should  be  such  as  to  favor 
early  secretion  of  milk,  enabling  the  child  to  be  nursed  at  an  early  period 
and  at  regular  intervals. 
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Period  of  Weaning. 

The  normal  timo  for  woaninj*'  florresponds  with  important  changfos  in 
the  (ligcuttvc  apparatus  of  the  infant.  It  has  arrived  when  a  g-roup  of 
two,  four,  or  at  most  six  incisors  has  made  its  appearance,  viz.,  abogt 
the  eighth  or  tenth  month.  I  look  opon  this  rule  as  an  axiom  as  lon^  as  wc 
have  to  deal  with  normal  cliildrcu,  though  Flcisehmann  objects  to  its 
validity.  Uc  relics  on  the  increase  of  wel^^lit  as  the  proper  measure  of 
normal  develupment,  and  recjiiiros  infants  to  continue  nursing  aH  long  as 
their  weight  is  on  the  increase.  Hut  he  forgets  that  not  a  few  infants 
grow  larger  and  heavier  while  and  because  ibey  are  abnormal.  Many  of 
ihem  an-'  fat,  heavy,  rotund,  and  apparently  in  good  corKlition;  but  the 
trained  eye  dist^overs  rhachitis  aa  the  cause  of  this  rotundity  and  obesity. 
Jfany  become  nior^-  rhachiliral  with  every  week  of  continui>d  nursltig  ; 
many  cases  of  rhachitis  depend  on  nolliing  but  jirotrai^ted  nurHJiig,  Thus, 
the  fact  of  a  child  not  having  teeth  at  tho  ikorinal  time,  thougri  of  full  or 
nearly  full  weight,  indicates  the  necessity  of  a  change  of  food,  that  is, 
weaning.  Sometimes  that  is  the  only  treatment  and  care  required  by 
rhaohitiH.  complicated  as  it,  is  with  retarded  protnisirtn  of  teeth,  late  de- 
velopment of  osseous  arul  muscular  tissue,  with  constipation,  byperarmia, 
and  perspiration  of  the  head,  and  occipital  baldness.  Such  infants, 
when,  after  changing  wet-nurses,  or  after  having  been  weaned  altogether, 
they  begin  to  become  more  normal,  will  Iosr  in  weight;  and  this  loss  of 
fat  anil  weight  ought  to  bo  hailed  with  joy.  In  other  cases,  though 
the  general  health  of  the  mother  be  gootl,  her  mammary  gland  may  bo  de- 
Teloped  insufHcicntly,  and  its  secretion  defective.  In  but  very  rare  cases 
is  it  totally  absent,  but  it  is  sometimes  abnormal  in  quality,  and  therefore 
injurious.  >Vhen  this  is  proved  by  direct  examination,  or  by  its  effect  on 
the  nursling,  it  is  time  to  wean  or  change  breast-milk.  Where  an  inherit- 
able disease  is  discovered  in  tho  mother,  she  has  injured  her  offspring 
sufficiently  before  birth.  Consumptive,  syphilitic,  or  rhachitical  mothers 
ought  not  to  nurse.  A  healthy  wet-nurse,  or  even  artificial  feciling,  is 
preferable  to  tho  continuation  of  a  lasting  injury.  No  baby  i»as  a  good 
chance  at  the  breast  of  such  a  mother;  many  will  thrive  even  better  on 
carefully  regulated  artificial  foo*!. 

Acutx*  puerperal  disea.sefl  prevent  women  from  nursing,  for  a  con- 
tinuous fever  stops  the  secretion  of  milk.  Mastitis  is  apt  to  terminate 
nursing  very  abruptly  ;  thus  tlie  preventive  care  of  tbe  nipples  and  the 
cure  of  superficial  erosions  are  of  tho  utmost  importance.  Chronic  dis- 
eases of  the  uterus  do  not  always  form  a  contraindication  to  nursing  ;  on 
the  contrary,  regular  and  protraoted  nursing  improves  insufficient  involu- 
tion. Women  whn  Inst  babies  with  acute  tuberculosis,  and  those  syphilitic 
ones,  whose  babies  are  not  lialde  to  infect  wet-nurses  because  of  the  ab- 
sence of  specific  ulcerations  about  lips  and  mouth,  must  not  nurse.  Epi- 
lepsy and  other  serious  nervous  disorders,  anil  (^brnnic  exanthemata  on 
the  part  of  the  mother,  contraindicate  nursing,  or  require  early  weaning. 
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So  does  niKcmia,  though  its  effect  on  the  composition  of  the  milk  be  not 
alwft^'8  the  same.  In  iM>mc  specimens  all  the  solid  constituents  were  found 
diminished — in  othora  all  of  them,  with  the  single  exception  of  su^r;  in 
utbers,  aj^ain,  there  was  less  casein  and  suitor,  but  more  butter  (which 
results  from  a  transformation  of  casein  and  sug^ar). 

It  is  not  the  above  serious  disorders  of  tlie  nervous  system  only  which 
contraindicate  nursing.  Less  important  alTections — which,  liowever,  attack 
suddenly — influence  milk  considerably.  BurdacH  reports  the  case  of  a 
woman  who  suffered  from  "  nervous  attacks;  "  after  each  attack  the  milk 
was  transparent  and  of  varnish  consistency  for  hours.  Convulsions  have 
been  noticed,  also  diari^cca,  in  babies  at  the  breast  of  women  suffering 
from  violent  emotions.  Berlyn  reports  the  case  of  a  baby  who  thtu 
turned  pale  and  was  taken  with  a  convulsion  and  hemiplegia.  Lovret  has 
even  tlie  report  of  a  young  dog  who  contracted  a  convulsion  by  taking 
the  breast  of  a  woman  after  she  had  beim  subject  to  mental  emotion. 
Contcjtse  has  the  case  of  an  irascible  mother  who  lost  ten  children  ;  the 
eleventh  thrived  perfectly  at  the  breast  of  a  wet-nurse.  All  such  reports 
are  not  fabidous,  ftir  the  effect  of  the  nervous  system  on  secretions  is  well 
established,  be  they  lachrymal,  salivary,  renal,*  or  mammary.  Agree- 
able emotions  on  the  part  of  the  mother  are  followed  by  copious  secretion 
of  milk  ;  depressing  ones  diniinisli,  surlden  influences  suppress  it  (by 
contraclioii  of  blood-vessels),  liut  not  only  increase  or  decrease  is  ob- 
served: there  is  a  chemical  chauge  also  depending  on  the  change  in  tlir 
amount  of  water,  resulting  from  vaso-motor  disturbances  and  abnormal 
cellidar  action.  After  a  hysterical  attack,  Vogel  found  milk  transparent 
like  whey,  and  without  tlie  taste  of  sugar.  It  contained  nuire  wali-r  »nd 
leas  solid  constituents  :  water,  0O&.U3;  sugar,  34.1>!3;  casein,  AO.O;  butter, 
5.14;  salts,  1. 01,  with  a  specific  gravity  of  10;J2.9D.  Thus  the  many  cases 
of  colic  and  diarrhu's  on  the  part  of  the  nursling  find  tJicir  ready  expla- 
nation. It  is  true  that  convulsions  and  sinldcn  deaths  offer  greater  difficulty 
to  a  satisfactory  exptanatiun.  Hut  such  cases,  though  they  be  rare,  are 
explained  by  the  ready  and  serious  reflex  irritability  of  the  infant  or- 
ganism. 


Shail  a  Baby  be  weftned  whan  the  N'urainff  Mothtr  becomeft  pregnant 
offain,  or  when  Menstruation  is  re-established  f  * 

I^aetation  and  pregnancy  are  incompatible.  It  is  but  a  rare  oocui^ 
reneo  that  a  woman  has  strength  and  blood  in  sufficient  quantity  to  sus- 
tain herself,  a  nursling,  and  an  embryo  or  foetus,  besides.  Therefore,  as 
early  as  IT^S,  a  law  was  passed  in  Frnncp-  compelling  wet-nnrses  to  inform 
their  employers  of  the  occurrence  of  another  conception.  Fretjuently  the 
uterus  will  be  unable  to  resist  the  persistent  mammary  irritation  kept  np 
by  nursing,  and  thus  the  foetus  is  exjwUed.  The  milk  of  pregnant  women 
undergoes  a  certain  number  of  changes.     According  to  N.  Daris,  the 
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solid  constituents  decrease,  partictil; 
milk  assumes  the  naturo  of  colostrum. 

The  changes  brought  on  by  menstruation  are  analogous,  according^  to 
the  same  author,  altliough  not  so  complct*.  Ch.  Marchand  examined 
three  specimens  of  milk,  one  of  six  days  before  menstruation,  one  during 
menstrua t ion,  and  one  six  days  after  menstruation. 


Six  diti/8  before  Metutruation, 

Pirrt  Seoond 

individual.  iDclirldaal. 

Butter 3--i.24  'ZS.bV) 

Milk-sugar 68.25  0it.31 

Caaein  and  albumen. l!0.20  10,75 

Salts 1.00  1.74 

M'ater «77.41  8«3.(i4 

Thiriny  Meugtruation. 

Butter 27.45  30.33 

Milk-sugar 05.40  «5 .15 

Casein  and  albumen :^1 .34  1 1  .tX 

Salts 1.98  1.80 

Water 883.77  885.53 

Six  days  after  Mcnatrnation. 

Butter 29.41  29.24 

Milk-sugar 09 .  15  08 .87 

Casein  and  albumen tfO.OO  10.47 

Salts 1.89  1.82 

Water 878.05  883.00 


ThW 

iadiTidaal. 

37.  .i4 

09.75 

18.40 

1.82 

872.79 


33.15 

64.4*^ 

19.10 

1.89 

881.44 


35.54 

68.95 

10.27 

1.72 

877.42 


Thus  there  is  during  menstruation  a  marked  diminution  of  milk-sugar, 
a  trifling  diminution  of  butter,  and  a  trlHIng  increase  of  albuminous 

—^    matorinl. 

B  The  above  resuUsagree  with  those  obtained  by  Becquerel  and  Vemois, 

who  found  sugar  diminished  (40.49  :  43.S8),  and  albuminates  and  cxtrac- 
Xive  material  increased  in  quantity  (47-''!' :  3S.09).     They  assert  that  tn- 

►fants  nursed  by  menstruating  women  experiencn  no  injurious  effects. 
■  In  general  milk-sugar  and  albuminous  contents  apiK^ar  to  keep  up  a 
Bine  what  inverse  proportion;  while  the  latter  arc  inoreased,  the  former 
ntminishes  in  quantity. 
ilcHidf'S,  from  a  few  observations  made,  it  appears  tlint  milk-sugar  is 
always  found  lessened  during  the  continuance  of  a  uterine  affection,  be  it 
hemorrhage  or  catarrh  of  the  uterus  or  vagina. 

In  addition,  there  are  certainly  differences  in  thecondition  of  tbe  milk, 
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which  pan  he  ftpprpciated  or  estimatwl,  particularly  a»  to  the  siae  of  the 
corpuscles.  Tlie  milk  vorpuscli's— all  of  them  spherical,  refracting  light, 
and  eni^loaed  in  a  membrane  ooiiHistin^  of  insoluble  albuminates — r«npe 
from  1.25  to  4.  mm.  in  diameter.  Flei»chmanti  divides  them  into  throfi 
elussea,  large,  middlo-sizo,  and  punetJform.  The  first  he  found  in  old 
women,  in  protracted  lactation,  in  fevers,  and  during  menstruation. 

But  still  opinion.s  differ  as  to  whether  raenBtruation  con  train  dicatea 
nursing  or  not.  For  it  is  true  that  there  are  many  observatioits  of  colir, 
vomiting,  and  acid  diarrhii'a  on  the  part  of  the  nursling,  but  just  as  many 
of  entire  comfort  during  the  menstruation  of  wet-nurse  or  mother.  It  is 
customary,  when  menstruation  makes  its  reappearance,  either  to  wean  or 
to  change  wet-nurses.  But  in  very  many  cases  nursing  is  |)€rsist<?d  in  for 
the  purjwse  of  preventing  both  menstruation  and  pregnancy.  For  the 
functions  of  the  mammary  glands,  on  the  one  hand,  and  those  of  the  ovaries 
and  uterus,  on  the  other,  wore  often  considered  to  exclude  each  other.  Such 
an  exclusion,  however,  does  not  exist.  Pregnancy  may  occur  without 
menstruation,  no  matter  whether  lactation  is  going  on  or  not.  I  had  a 
patient  who  never  had  a  child  during  her  married  life,  for  a  number  of 
years..  When  she  applied  to  me  she  had  not  menstruated  for  ten  months. 
Not  a  drop  of  blood  had  been  seen.  Her  uterus  a]>peared  rather  loo  large 
for  a  normal  condition  ;  the  uterine  sound,  introduced  for  diagnostic  pur- 
poses, destroyed  a  normal  and  fresh  two  months'  ftetua.  Kor  is  this  the 
only  case  of  pregnancy  commencing  during  amenorrhcpft.  Cases  will  bo 
met  witli  occasionally  in  the  journals,  and  would  be  so  more  frequently 
if  practitioners  were  as  anxious  to  instruct  their  professional  brethren  by 
the  mistakes  Ihey  made  as  to  benefit  them  by  the  reports  of  their  suc- 
cesses. During  lactation  pregnancy  is  not  infrequent,  no  matter  whether 
menstruation  is  regular,  ha.s  reappeared,  or  has  disappeared  again.  Mean- 
wliilc  the  secretion  of  milk  may  be  quite  copious,  and  exhibit  no  very 
aj>parent  alterations. 

In  general,  lactation  is  persisted  in,  and  is  dispensed  with  at  the  ex- 
piration of  nine  ortwelve  months.  At  this  time  mcn.struation  has  usually 
reappeared  and  is  regular.  That  length  of  time  is  also  required  to  fully 
re-establish  the  uterus  and  ovaries  without  reganl  to  lactation.  The  advice 
of  the  English  author,  who  wanted  women  to  nurse  their  babies  through 
a  period  of  four  years,  is  therefore  but  poorly  sustained  by  reasons.  His 
were  three.  The  first  was,  tliat  the  babies  were  thus  fed  both  well  and 
cheaply  ;  but  that  mode  of  feeiling  would,  indeed,  be  neither  good,  nor 
cheap,  nor  sufficient.  His  second  reason  was,  that  the  woman  would  escape 
&  renewed  pregnancy  and  the  domestic  misery  emanating  from  the  abun- 
dance of  not -wished -for  children — which  is  contrary  to  the  established 
facts.  Thirdly,  lie  urged  that  procedure  for  the  purpose  of  preventing 
over-population.  But  the  real  result  would  bo  to  check  over-population 
by  destroying  the  women  through  exhaustion  and  abortion.  Snhcepf- 
Meroi,  however,  know  of  a  case  of  thot  kind,  whore  the  woman  would  have 
swelled  the  heart  of  that  style  of  Mnlthusian  with  joy  and  satisfaction. 
lier  twonty*two  prognauciefl  resulted  in  the  existence  of  one  child. 
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f»  tiinenfTi^  Uobf-rton  remarkerl  that  one-half  of  thp  mirsinw  working- 
women  nf  Matirhfster,  Kng.,  cotiooivwd  during  lactation;  atid  but  u  few 
ye&rs  ago  L.  Mayer  colle<!t«<]  facts  concerning  the  frequency  of  menstrua- 
tion during  that  perto*].  He  tabulates  1,*385  cils«s  in  395  individuals. 
Of  \,'ii^  there  wcro  085  who  nurtsed.  Of  these  685  there  were  40^  who 
menstruated  aft«T  some  time.  The  first  menstruation  appearfd  after  nix 
weeks  in  P£)  {2o  per  cent.),  after  twelve  weeks  in  4G,  after  four  months  in  41, 
of  the  above  number.*  McnstruAtion,  in  bis  observations,  had  no  injuri- 
ous influence  upon  the  health  of  the  nurslinj^)^  Therefore,  the  reappear- 
ance of  menalTuation,  in  his  opinion,  is  no  indication  fur  either  weaning 
the  baby  or  changing  the  wet-nurse.  There  is  but  one  such  indication, 
vie.,  ill'/ieaith  of  thti  b<thy,  brought  on  by  the  continuation  of  nursing. 
For  the  diminution  of  the  f|uantity  of  bIn'Ml  in  the  maternal  organism,  or 
the  thorough  change  in  its  oirculatiun,  inffy,  but  does  not  necessarily,  result 
in  either  quantitative  or  qualitative  alterations  of  hreast-milk.  In  oasee 
of  doubt,  the  regular  use  of  the  scales  may  ilmiide  the  question  of  auning 
or  weaning  by  determining  the  weight  of  the  baby. 

Tlie  effect  of  physiological  or  patliulogical  changes  in  the  nursing- 
woman  on  her  mammary  soerotion  can,  after  all,  not  be  counted  up,  or 
de6ned,  \vith  niathetnatical  certainty.  The  latter  is  rendered  impossible 
by  the  variability  nf  vital  processes,  and  the  changes  taking  place  in  tho 
living  subject.  Still  there  are  ou  record  a  number  of  goo*l  observations 
which  illustrate  the  elToct  of  chemical  substances  or  of  diseases  on  the 
bre&Bl-milk  of  either  animal  or  woman.  A  number  ot  them  are  very 
useful  in  determining  the  changes  taking  place  in  the  condition  of  the  milk, 
and  the  influence  it  may  have  on  the  baby,  or  the  manner  in  which  it 
necessitates  weaniftg,  either  total  or  partial. 

Coloring  materials  are  known  to  enter  into  and  pervade  all  sorts  of 
tissues,  even  bones.  Milk  turns  yollow  by  tho  eating  of  caltha  p&lustris, 
saffron,  and  rhubarb,  according  to  Mosler;  red  by  rhubarb,  opuntia,  nibia 
linctonim;  blue  by  myosotis  paliLstris,  i>olygonum,  anchusa,  equisetum, 
according  to  Schauenstcin  and  SpUth.  Still  the  blue  color,  which  pene- 
trates the  milk  uniformly,  must  not  be  mistaken  for  the  superficial  layer  of 
discoloration  observed  in  milk  after  a  few  days'  keeping.  The  latter  is  of 
parasitic  chiiracl.er  (different  though  from  the  lactic  acid  parasite  of  Hess- 
ling),  and  identic^  with  penicilliuin  glaucum  and  aniline  blue.  It  extends 
into  the  lower  layers  but  gradually,  infects,  by  communication,  normal 
milk,  and  remains  unchanged,  though  the  milk  be  filtered  through  three- 
fold paper.  When  introduced  into  the  8toin.ich,  the  milk  thus  para.siti- 
caily  infected,  is  apt  to  give  rise  to  acute  gastritis  and  enteritis. 

Ethereal  oils  are  very  apt  to  enter  the  milk.  But  to  prove  their  pres- 
enoe  otherwise  than  by  taste  or  smell  is  not  always  easy.     For  organic 

I  Tilt  obtained  fram  hin  nrperienoe  the  following'  rennltii :  Of  100  womtm  whfiK 
neiutniation  retnmed  daring  lactation,  ATi  retained  thoir  milk  unchanged  both  In 
quantity  and  quality.  In  8  the  quantity  dimtninhed,  1  lost  her  milk  altogether.  24 
had  a  large  flow  during^  and  1G  aft«r,  inenginiatioo.  In  Athe  percentage  of  solid  oon- 
•utnents  decreaned.  ^ 
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chemistry  has  not  even  ndvunoed  Kuffioieatly  to  decidu  whetiier  quuiiA,] 
which,  when  f^iven  internally,  rammunicates  a  bitter  ta^tr  to  the  milk,  tti 
eliminated  as  quinia  or  in  some  othrr  form  (Chnvallier  and  Henry).  Nof  ( 
can  alcohol,  opium,  or  morphia  he  discovered  with  absolute  certainty. 
Still  the  occurrence  of  piisoning  through  milk  is  an  undoubted  fact.  An 
endemic  is  reported,  in  Italian  and  German  journals,  of  an  affection  from 
which  many  people  suffered,  in  the  neighborhood  of  Uome,  Itiijy.  The 
symptoms  consisted  of  vomitinj^,  diarrhoea,  intense  thirst,  and  diminution 
of  temperature  and  pulae.  The  milk  of  the  goals  was  suspected;  the 
^ats  were,  however,  declared  to  be  in  good  health  b)'  the  veterinary  fur- 
geon,  and  on  analysis  the  milk  was  found  free  from  organic  poison  of  any 
kind.  Attention  was  then  drawn  to  the  food  of  the  goats.  On  the  pasture 
grounds  there  were  found  large  quantities  of  clematis  ritalba,  oonium 
maculatum,  colchicum  autumnale,  plumbago  Kuropeea.  Again,  the  milk, 
and  the  masses  brought  up  by  vomiting,  were  examined  and  found  to  con- 
tain colchicine.  An  Knglish  infant,  two  days  old,  died  soon  after  taking 
llie  mother's  breast  for  the  first  time.  The  coroner  of  Manchester  investi- 
gated the  case,  and  elicited  the  fact  that  the  mother  was  an  habitual 
opiura-oater,  tlio  amount  of  the  poison  swallowed  weekly  being  about  an 
ounce.  Dr.  Fletcher^s  testimony  went  to  show  that  the  symptoms  with 
which  the  infant  died  were  the  effects  of  opium.' 

More  positive  results  have  bocn  obtained  by  inorganic  chemistry  ;  a 
number  of  substances  have  been  found  in  the  secretion  of  the  mamro:^. 
As  far  as  hiiinati  milk  is  concerned,  these  results  are,  however,  mostly  ob- 
tained by  induction  or  clinical  observations,  for  very  few  attempts  at  a 
direct  chemical  examination  have  been  made.  Large  quantities  of  milk 
are  required  for  examination,  as  a  rule;  and,  therefore,  goats,  sometimes 
cows,  have  been  used  for  experiments.  Iron  is  contaiiie*!  in  milk,  nor- 
mally: in  the  ashes  of  human  milk,  a<'con-ling  to  Wilderstein,  phosphate  of 
iron  0.21  per  cent.,  somewhat  less  than  in  the  nnlk  of  pigs  and  cows.  It 
was  not,  however,  found  by  Harnicr  and  Simon.  Other  experimenters — 
I^waJd,  Marchand,  C.'hevallier  and  Henry,  Romhcau  and  Hoseleur— found 
soluble  ^ialts  of  irui),  when  given  internally,  within  a  slioK  time  in  the  milk; 
but  they  soon  disappeared.  Bistrow  noticed  a  rapid  improvement  in  the 
general  condition  of  infants,  when  the  wet-nurses  took  iron;  this,  how- 
ever, is  no  direct  proof,  in  itself,  of  the  mammary  elimination  of  iron,  inas- 
much a.-i  Ihi^  general  improvement  of  the  health  of  the  wet-nurse  would 
explain  a  better  composition  of  her  milk  ami  the  thriving  of  the  nursling. 
Wilderstein's  ex]>eriments  with  iron  administered  to  goats  had  the  reault, 
of  diminishing  the  quantity  of  the  milk,  but  its  specifio  gravity  incr 
and  the  ashes  contained  twice  the  normal  amount  of  iron.  This  effect' 
was  not  observed,  however,  before  twenty-fi)ur  hours  had  elapsed. 

Bismuth,  when  administered,  was  found  in  the  milk  by  Lewald,  Che- 
vallier  and  Henry,  and  Marchand;  by  the  lirst  in  small,  by  the  second  in 
greater  quantities,  by  the  lasl  after  a  very  short  time. 


•  Mel  Pr«n  sBd  Oir..  1878. 


I 


I 


Iodide  of  poiftssiam  was  expert  me  n  ted  with  br  Lewald.  When  nftocn 
grammes  wore  given,  ita  presence  was  dett'Cted  after  four  ila^'s.  Then 
twenty-one  more  were  given.  The  effect  was  kept  up  by  that  dose,  and 
did  not  disappear  before  seventy-two  more  hours  had  passed  by.  When, 
after  that,  iodide  of  potassium  was  given,  tho  milk  exhibited  iodine  after 
four  days,  and  continued  to  do  so  for  eleven  days.  Supported  by  such  facta 
as  these,  Levisenr  (Jahrh.  f.  Kitidcrhpilk.,  N.  F.,  VI.,  3,  IST'J)  recommends 
to  treat  the  wet-nurso  with  iodide  of  potassium  for  syphilis,  sulphate  of 
quinia  for  intermittent  neuroBcs,  aritonio  for  cutaneous  secretions  in  tho 
infant. 

Arsenic  was  found  in  the  milk  after  seventeen  hours.  It  persisted  in 
passing  through  ttie  mamtna  sixty  hours/ 

Lead  and  oxide  of  zinc,  probably  all  other  preparations  of  zinc,  pass 
mti)  the  milk.  Oxide  of  zinc  was  found  in  from  four  to  eighteen  hours 
after  the  administration  of  a  single  dose  of  one  gmmftie;  it  disapjicared 
in  from  fifty  to  sixty. 

Antimony  passes  into  tlie  mamma  very  easily,  and  requires  caution. 

Mercury  was  not  found  in  the  miJk  by  Pcligot,  t-'hcvallier,  Henry,  and 
Ilarnier.  Lewald  and  Porsonne  proved  ita  presence.  O.  Kahler  examined, 
by  Schneitler's  elect rolytico-chemical  method,  the  milk  of  three  women 
under  treatment  with  mercurial  inunctions,  but  found  no  merenry.  Thus 
the  treatment  of  infanta  alTected  with  hereditary  sy{)hilis  through  the 
milk  of  their  wet-nurse  is  not  yet  proved  rational.  My  own  clinical 
observations  do  not  favor  tho  plan  at  all.  The  internal  administration 
<if  mercurials,  when  persisted  in  sufficiently,  yields  very  satisfaetory  re- 
sults in  the  usual  form  of  hereditJiry  syphilis,  which  exhibits  its  first 
8ymptom.s  between  the  fifth  and  ninth  weeks.  Even  the  formidable  species 
of  syphilis,  attended  with  jwrnphigus  in  tho  newly-born,  mny  be  controlled 
by  subcutaneous  injections  of  the  bichloride — care  being  taken  that  the 
solution  administered  is  weaker  than  that  recommended  by  Lewin. 

Carbonate  and  bicarbonate  of  putassa  and  the  sulphates  of  soda  and 
magnesia  pass  out  through  the  milk.  The  vegetable  acids  of  alkaline 
salts  reappear  as  carbonic  acid.  Sulphides  of  alkalies  have  Dot  been 
found  by  Marchand. 

Thus  there  is  any  number  of  opinions  and  results  of  researches.  Is  it 
that  chemistry  is  so  unc^ertain  in  its  methods  of  examination,  or  the  repu- 
tation of  the  men  who  vouch  for  their  results  with  their  names  so  little 
reliable,  or  is  the  material  on  which  the  experiments  were  made  variable 
in  its  coiuijosition  or  perhaps  not  quite  well  known  in  its  physiological 
constituents  ? 

We  shall  see  that  the  fault  Hea  very  probably  in  the  material  on  which 
experimenters  tried  their  skill. 

The  nature  of  the  albuminates  of  the  milk  is  by  no  means  settled. 
Hoppe  believes  that  he  proved  the  existence  in  the  milk  of  an  nlbuminous 
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Bub&t&nco  identical  with  the  albumen  of  the  blood  scrum.  There  is, 
according  to  Jiim,  but  one  diff«ronco  botwoen  cusoin  and  tlic  albuminate, 
viz.:  that  tho  former,  when  treated  with  caustic  potas^a,  fields  sulphide  of 
potassium,  a  changt*  wliich  does  not  take  place  in  the  latter.  The  albumi- 
nate iindergx>ps  its  transformation  into  casein  by  a  fermenting  process, 
produced  by  lactic  acid  according  to  >Cahii,  by  a  hypotht'tical  ferment  ac- 
cording to  Komnif>rich. 

Thus  Heemin^I y  simple  questions  cannot  yet  l>e  answered  with  absolute 
certainty.  It  cannot  yet  be  staled  tiiat,  or  that  not,  the  albumen  of  the 
serum  of  the  blood  Is  found  in  the  milk.  Still,  the  conditions  of  things 
vary.  The  walls  of  the  blood-veascis  of  the  mamma  are  thinner  or  thicker, 
more  or  less  pennoubli',  and  vaso-motor  influences  will  change  circulation 
anti  nutrition.  Thus  there  may  be  cases  in  which  blood  serum  is  simply 
addi'd — aj^  a  transudation — to  the  secretion  of  the  mammary  gland.  In 
other  «ecretiona  too  we  meet  with  considerable  differences,  many  times 
without  any  surprise.  By  assuming  that  blood  scrum  Is  found  admixod 
with  tnilkf  we  can  much  better  explain  the  cases  of  infanta  influenced  by 
medicines,  infi:ction.H,  emotions  acting  through  the  milk,  than  when  wo 
look  uj)on  milk  simply  as  the  rc?sult  of  transformed  glandular  substances. 

For  such  it  is  normally.  The  mammary  gland  is  no  Hlter,  through 
which  tho  serum  of  the  blood,  or  the  solutions  of  salts,  or  tho  transformed 
foods  are  rendered  accessible  to  the  hungry  young.  The  quality  and  quan- 
tity of  milk  depend  upon  the  development  of  the  gland.  Milk  is  not  the 
product  of  tho  action  of  the  cells;  it  is  the  transformed  cells,  tlio  very  or- 
gan. Thus  the  nursling  is  the  veriest  carnivorous  animal.  As  long  as  the 
epithelium  has  not  undergone  a  total  change,  the  secretion  is  not  milk,  but 
cnloBlrnm.  with  its  large  globules.  The  character  of  tho  gland  influences 
the  milk,  much  more  than  food.  The  latter  inliucnoes  milk  only  by  build- 
ing up  the  gland,  tho  cells  of  which  receive  materials  of  different  kinds, 
the  principal  of  which  is  albumen.  Where  too  large  an  amount  of  nitmge- 
nons  material  is  received,  compared  with  carbohydrates,  the  proportion 
of  ulbutnen  destroyed  is  too  large,  and  the  result  may  be  that  both 
the  gland  and  the  production  of  milk  decrease.  Therefore,  the  propor- 
tion of  nitrogen  in  the  food  ought  not  to  be  disturbed  beyond  tho  in- 
creased necessity  of  the  secretion.  A  moderate  amount  of  albuminous 
subslani;cs  sunicos  for  the  nursing  woman  and  the  nursling  both,  and  for 
both  the  fixed  and  the  circulating  albumen.  The  amount  of  tho  latter  is 
particularly  influenced  by  the  use  of  water.  Thus  the  favorable  influence 
on  the  amount  and  character  of  the  milk,  of  all  sorts  of  beverages,  is  easily 
understood. 

The  character  of  the  milk  is  beautifully  illustrated  by  its  chemical 
comiKisItion.  Its  ashes  are  tissue  ashes,  not  those  of  plasma,  for  thoy  con- 
tain much  pota.Bsa  and  phospliatc  i>f  lime,  but  little  chloride  of  sodium. 

I'he  question  whether  medicinal  agents  will  appear  in  the  milk  is  not, 
therefore,  sufliciently  well  dtifined,  and  cannot  bf  answered  either  aflirma- 
lively  or  negatively  as  long  as  the  milk  is  not  of  a  stable  quality.  Milk 
secreted  from  an  insufficient  mamma,  by  a  woman  not  iu  full  health  and 
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▼Igor,  by  an  old  woman,  by  a  very  younp;  woman,  by  an  anipmic  woman, 
by  a  convalescent  woman  who  has  used  uj)  a  large  portion  of  her  albumen 
both  in  circulation  and  in  the  tissues,  by  a  woman  soon  after  confinempnt, 
by  a  neurotic  woman  with  frequent  vnso-niotor  disttirbaucu» — rnilk,  in 
fact,  which  is  not  mainly  composed  of  mammary  (tpithelium,  and  contains 
admixtures,  small  or  tarj^e,  of  transuded  ^eruni,  is  apt  to  bo  impregnated  with 
foreign  elements  circulating  in  the  blood.  The  indications  on  the  one  band 
for  permission  to  nurae,  on  the  other  for  the  administration  of  medicines 
to  a  nursing*  woman,  must  therefore  bo  defined  with  a  g^reater  strtctnes« 
than  is  usually  the  case,  and  will  have  to  he  motliftcd,  if  the  greatest 
good  h  to  come  from  nursing  to  the  young  infant.  The  good  results 
obtained  in  many  oases  by  artificial  feeding,  in  preference  to  nursing,  are, 
therefore,  more  than  accidental. 

The  milk,  then,  is  under  normal  circumstances,  and  always  ought  to 
be,  a  secretion  from  the  celU,  not  a  transudation  from  the  blood. 

The  difficult}'  of  influencing  the  mammary  secretion  is,  liowever,  not 
equally  great  under  all  oircumstanees.  In  the  6ntt  period  of  lactation  the 
glandular  tranufonnatioii  is  nut  yet  accomplished.  The  secretion  is  of  a 
different  nature.  It  requires  days  to  exhibit  casein.  Until  then  the 
protein  shows  the  nature  of  albumen.  At  the  same  time  the  percentage 
of  butter  and  aalts  is  very  high  indeed,  both  of  which  explain  the  laxative 
character  of  colostrum.  No  less  do  macroscopic  and  miorosoopic  obsen'a- 
tiun  convey  the  impression  of  its  being  incomplete.  It  is  yellowish, 
thickish,  the  fat  globules  are  large,  unequal,  sticky,  and  mixed  with  epi* 
thclium  almost  unchanged.  There  is  less  potaana  and  more  soda  than  in 
normal  milk,  approximating  tt  to  the  chemical  character  of  plasma.  Be* 
■idea,  colostrum  of  the  cow  has  not  unfroquently  been  found  to  contain 
blood  and  to  coagulate  when  being  boiled.     Thua  colostrum  '  is  more  like 
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a  transudation  than  a  glandular  secretion.  Such  colostrum,  as  stated 
above,  ia  frequently  found  with  disturbances  in  the  general  health,  in 
ann^mia,  fevers,  pregnancy,  or  advanced  uge  of  mother  or  nurse.  Us 
administration  must  result  in  disturbing  the  health  of  the  nursling,  and 
therefore  the  greatest  attention  should  be  given  to  this  matter,  inasmuch 
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HS  trausudation  may  be  muiei],  at  almost  any  time  and  in  almost  any  pro- 
portion, with  the  noniml  mammary  secretion. 

This,  then,  has  no  nonnal  standard,  neither  chemically  nor  pfaysiologio 
ally.  That  a  mere  transudation  should  contain  all  sorts  of  material  oir- 
L-ulating  in  the  blood- plasma  is  evident.  Therefore  colostrum  is  apt  to 
transfer  to  tlie  nursliiif^  the  liquid  const itueiits  of  the  mother^  blood,  uo 
matter  whether  normal  or  abnornia!,  I>enclic;ial  or  injurious,  oi^anic  or  in- 
organic. The  reports  of  infants  hunned  by  the  mother'^s  opiate,  influenced 
by  her  taking  mercury,  belong,  therefore,  mostly  to  the  earliest  period  of 
lactation,  or  to  a  period  of  sickness,  or  debility  on  the  part  of  the  woman. 
The  more  nearly  normal  the  mammary  secretion  the  less  the  danger  in  this 
respect.     Very  few  persons,  however,  are  ever  in  undisturbed  health. 

Another  point  still  is  worthy  of  remark.  Chemical  investigations  have 
been  made  almost  exclusively  on  the  breast-milk  of  animals.  Their  results 
are  sufficiently  various  Indeed,  and  still  this  material  Is  so  much  more  sta- 
ble than  the  milk  of  woman,  influenced  as  she  is  by  wealth  or  poverty,  idle- 
ness or  work,  rest  or  worry,  emotions  and  thoughts,  health  and  aJckne^^. 


Selection  afth*  Wet-nurse. 

In  choosing  a  wet-nurse  we  should,  of  course,  see  that  she  has  "  good  " 
milk  and  a  plenty  of  it.  The  obat^ricians  vie  with  each  other  in  naming 
with  great  minuteness  the  qualities  which  a  good  nurse  should  pos-ses-s. 
Matafestty  a  nurse  with  mastitis,  sure  nipples,  or  acute  puerperal  disease, 
should  not  be  employed.  Such  conditions  would  be  an  objection  to  th« 
mother's  rmrsing  her  own  child.  The  nipple  of  tbe  breast  should  be  so 
formed  that  the  child  can  lay  hold  of  it.  Whatever  be  the  extent  of  **tii6 
highly  vascular  surface  covered  with  secretory  epithelium  '*  (as  the  mamij^H 
uiary  gland  was  lately  *.lcs('ril>etl  by  lioll),  if  the  nipple  be  too  small  a^^| 
weakly  child  cannot  seize  it,  nor  can  a  strong  child  if  it  lio  depressed.  The 
nipple  should  rather  be  too  large  than  too  small ;  rarely  is  it  so  large  that  the 
child  is  unable  to  take  it  into  its  mouth.  It  should  be  well  developed  in 
every  respect  and  prominent.  The  breast  itself  should  be  to  the  touch 
jather  hard,  corded,  and  clastic — not  soft  and  llabby.  The  skin  should  be 
thin  and  transparent,  with  the  veins  plainly  showing  through.  By  slowly 
stroking  it  In  the  direction  of  the  nipple,  or  by  mo<lerat  epressure,  the 
milk  should  flow  out  in  a  stream.  If  the  breast  has  not  been  emptied  for 
some  time  the  first  milk  that  appears  is  watery  and  bluish,  and;,  on  the 
other  hand,  just  after  thti  breast  has  been  sucked  the  milk  is  whitish. 
Under  certain  circumstanccB  it  may  be  of  practical  importance,  in  selecting 
a  nurse  for  a  feeble  child,  to  choose  a  multipara;  her  milk  will  flow  more 
fn-ely,  and  the  chances  are  that  she  will  know  belter  how  to  tend  the  child 
than  would  a  primi])ara.  Generally  speaking,  the  age  from  twenty  to  thirty 
'years  is  to  be  preferred.  The  nurse^s  child  should  be  of  about  the  same  ag» 
as  that  of  the  foster-child. 

The  constituents  of  the  milk  vary  with  the  period  of  lactation,  aa  will 
be  seen  from  the  following  table  of  Vernois  and  Keequercl : 
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Hence  the  casein  incroosi^s  to  the  end  of  the  seventh  month.     A  tem- 
porary' increase  takes  place  in  the  eighth  and  tweUth  months.     The  butte 
decreases  from  month  to  month  with  slight  variations,  be^nning from  the 
fourth  month.     The  Httgar  steadily  increases  and  reaches  its  highest  point 
in  the  eleventh  month. 

Still  the  nui'so'a  milk  wiU  not  always  suit  the  foster-child^  even  though 
tho  ago  corresponds,  and  occasionally  another  nurse*s  milk  at  a  period  of 
lactation  not  corrpsjwnding  to  the  child's  Mge  will  answer  better.  The 
above  tabulated  figures  are  simply  averages,  and  imply  no  invariable  Uw 
of  nature.  Not  unfrequently  the  physician  will  prefer  a  wet-nurse  whose 
child  is  a  little  older  than  the  child  she  is  employed  to  nurse.  He  will 
always  bo  cautious  about  choosing  one  just  delivered.  The  possibility  of 
the  nurse  or  her  breasts  becoming  subsequently  diseased,  or  of  the  non- 
appearance of  the  milk  secretion,  must  be  taken  into  consideration.  So 
the  rule  is,  whether  the  ages  of  the  two  children  differ  by  a  few  months  or 
not,  that  bluish  milk,  with  ttburitlaiice  of  sugar,  should  he  chosen  for  younger 
children,  and  far  older  ones  milk  richer  in  casein  and  butter.  In  this 
connection  it  may  be  observed  that  by  testing  the  milk  itself,  even  though 
only  superficially,  we  obtain  a  better  estimate  o/  itn  character  than  by  any 
other  standard  (such  as  thai  adopted  by  L.  Hcritier,  who  ekims  to  have 
discovered  a  marked  difference  between  the  milk  of  blondes  and  that  of 
brunettes').  The  best  criterion  for  the  milk  is  the  appearance  of  the 
narse's  child — if  it  be  still  living. 

Wet-nurs^Sj  whose  children  are  dead,  should  be  examined  with  partic- 
ular circumspection.  The  cause  of  death  should  be  ascertained  ;  whether 
it  was  a  constitutional  disease,  or  an  intestinal  catarrh — the  result  possibly 
of  at)  excess  of  casein,  or  of  salts,  ur  of  sugar,  in  the  milk.  Generally, 
even  though  the  child  may  have  been  dead  but  a  few  days>  the  milk  secre- 
tion will  have  notably  diminished  or  have  already  begun  to  dry  up.  For 
rarely  does  the  common  practice  of  suckiiig,  })uni]>ing,  or  milking  the 
breasts  out,  for  the  purpose  of  temporarily  keeping  up  the  secretion  till 
the  nurse  finds  a  place,  accomplish  its  object,  I  have  often  seen  the 
breasts  dry  up  entirely  under  these  circumstances.  In  such  a  case,  obvi- 
ously, much  less  will  be  accomplished  by  examination  with  the  micro- 
acope  or  galactoscope  than  in  the  average  of  cases. 

Inquiry  into  the  general  condition  of  the  nurse  should  of  course  not 
be  neglected.  It  should  be  undertaken  in  the  same  way  as  we  would  ex- 
amine the  status  prtpsetig  of  a  patient.  Whether  we  should  be  so  precise  i 
as  to  count  the  number  of  teeth,  or  particularly  note  the  shade  of  hair, 
may  be  left  to  the  taste  or  zeal  of  the  practitioner.  Tlie  nurse's  digestion  ia 
generally  good,  and  her  appetite  leaves  nothing  to  be  desired.     Particular 
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Butter aS.ft  54.8 

(■ftnein 10  Ifl.S 

Hilknugar 68.5  71.3 

Salts t  4.n 


attention  is  of  rovirso  to  Ko  dircctr-d  to  fonstitutionni  diswisos,  and  cspr- 
eially  to  syphilis.  Uut,  after  all,  it  is  clearly  impoAsihle  in  any  particular 
case  to  undertake  to  g^iarantee  that  tho  quantity  and  quality  oHho  milk 
will,  under  all  c>ircuni»taiieoj),  remain  satisfactory.  Both  will  depend  upon 
the  general  condition  of  the  nurse  and  partly  upon  the  caro  she  receives. 


Diet  of  the  Nttrae. 


^^^  To  the  question  as  to  how  the  nur9e*9  food  shall  be  regulated  in  a 
I  manner  consistent  with  what  has  heretofore  been  said,  our  answer  can 
H  only  be  given  in  very  general  terms.  Strong  salts,  under  all  circumstances, 
I  nr«  to  be  avoided  :  hence  valine  cathartics,  mid  the  immoderate  use  of 
f  common  salt,  as  well  as  the  u.si>  alM>  of  the  etht^rriil  oils  and  strong  spices. 
Further  to  b«  avoided  are  all  those  things  which  may  retard  or  derange 
digestion  and  assimilation.  Generally  the  nurse  regards  her  place  as  a 
laud  Mowing  with  milk  and  honey,  where  the  birds  already  roasted  fly  into 
her  mouth — her  "Canaan"  and  her  "  Eldorado"  together — and  she  con- 
tinues to  gorge  herself  long  after  the  ap|>etite  lias  ceased.  A  diel  that  ia 
u  little  more  albuminou-t  than  usual  is  indicated;  but  if  it  contains  too 
much  albumen,  or  is  exclusively  albuminous,  it  will  be  unfavorable  to  the 
general  health  as  well  as  to  the  secretion  of  milk.  The  Ifttlor  is  promoted 
by  free  ingestion  of  fluids.  The  moderate  use  of  beer  is  often  advan- 
tageous as  a  stomachic.  Oatmeal  gruel,  barley-wator,  and  milk  have  a 
twofold  efifect,  depending  upon  tho  water  they  eontain  and  upon  thoir 
nutritious  ingredients.  Tea  is  useful  chiefly  for  the  water  it  contains. 
Potatoes  in  large  quantities  or  other  carbo-hyilriites  aliould  not  be  used  as 
chief  articles  of  food.  A  moderate  quantity  of  fat  may  be  permitted.  It 
is  a  good  general  rule  that  th**  diet  uj»<^»n  which  the  nurse  has  flourished 
hitherto,  if  a  certain  quantity  of  albuminous  food  be  added  to  it,  together 
with  an  abundant  supply  of  fluids,  makes  the  best  milk  and  the  largest 
quantity,  provided,  though,  that  her  mode  of  life  be  similar  to  what  it  has 
been  heretofore.  A  nurse  taken  from  the  hayBeld  or  the  kitchen  and 
shut  up  in  a  lady*s  boudoir  for  fear  lest  she  might  eat  an  unri]30  apple, 
drink  a  glass  of  beer,  or  meet  her  sweetheart,  were  she  allowed  to  go  out, 
will  not  remain  \x\  good  condition  nor  give  good  milk. 

According  to  these  principles  must  we  judge  of  the  value  of  certain 
articles  of  food  or  beverages  which  have  been  lauded  as  milk 'producing 
agents.  Among  these  are  beer,  butter-milk,  milk,  chocolate,  broths,  legu- 
minous vegetables,  oysters,  crabs,  conger-eel  soup,  etc.  But  should  none 
of  these  dietetic  remedies  prove  of  any  avail,  we  next  resort,  with  more  or 
less  reason  and  with  more  or  less  confidence,  to  the  therapeutic  measures 
which  tend  to  promote  the  secretion  of  the  milk.  C.  Gerner,  in  his  chapter 
(p.  45),  Dt'  /lis  ^Uif  titetis  uhertatcm  faciunt,  has  collected  all  of  the  cus- 
tomary remedies  in  use  in  his  own  and  even  in  Galen's  time.  Rosenstein 
rocommcndcd  a  remedy;  Hiifolnnd,  a  milk-powdur;  Moleechutt,  the  cheat- 
nut ;  Routh,  the  leaves  and  stalks  of  the  ricinta  ^mm*oiii) ;  Gillilan,' 
thv  ex(r.  fuL  ricini  ;  and  in  Knglund  and  America  the  external  application 
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o(  the  ricinus-loavcs  gained  a.  sliort-Iived  popularity.  The  list  of  pmlacts- 
gognes,  which  Kouth  presents,  makes  quite  a  formitlable  appearance.  1 
cannot,  however,  from  any  success  of  my  own  with  these  remedies,  or 
from  tliat  of  others,  say  much  in  their  praise.  I  have  often  employed  the 
induced  current  of  electricity  to  increase  the  milk  secretion,  and  I  believe 
with  good  effect.  luasrauch  as  the  benefit  derived  from  electricity  in 
these  cases  is  owing  to  the  increased  activity  of  the  circulation,  we  nligbl 
anticipate  even  better  effects  from  the  galvanic  current. 

Substitution  of  AnimaW  Milk /or  the  Motfusr'e  MUk. 

If  the  mother  is  unable  to  suckle  her  child  and  a  wct-nurso  is  not  to 
be  had,  what  shall  be  donn  'i  The  child  should  have  some  kind  of  food  as 
nearly  homogeneous  wiili  the  breast -milk  as  possible.  In  this  connection 
we  must  take  into  consideration  the  chemical  composition  of  the  different 
kinds  of  milk,  together  with  the  practicability  of  obtaining  them.  The 
follnw^ing  tables  show  the  mean  composition  of  human  milk  (from  184 
analy&ei>),  and  of  cow*a  milk  (from  l*-i8  analyses),  as  given  by  N.  Gerber: 


Water. 

Casein  and  albumen 

Sugar 

Butter 

SaltA 


Cow^Builk. 


8fi.23 
3.70 
4.B3 
4.51 
0.61 


According  to  Moleschott,  the  proportions  of  the  several  ingredients  of 
various  kinds  of  milk  in  1,000  parte  are  aa  foUowa  : 


Woniaii**. 

M^ater 

889.08 

110.92 
39.24 

!i6.66 

43.64 

Sats 

1.38 

Oow't. 

OoaiV 

Sheep's. 

AmI%. 

857.05 

863.58 

839.89 

9io.:u 

142.95 

136.42 

160.11 

89.76 

48.28 
5.76 

33.  GO 
12.9£) 

53.42 

20.18 

43.05 

43.57 

58.90 

12.56 

40.37 

40.04 

40.98 

57.02 

6.48 

6.33 

6.81 

Ibie'L 


8S8.37 
171.63 

16.41 

68.73 

86.50 

0.90 


Of  these,  with  rare  exceptions,  only  cow's  and  goat's  milk  are  ever  em- 
ployed. The  former  especially  has  come  into  very  general  use  as  infantas 
food,  on  account  of  its  being  so  easily  procured.  How  f>}iouId  it  be  usetl  ? 
Should  it  be  boiled  or  not?  Should  it  be  diluted,  and,  if  ro,  with  what? 
Or  are  there  certain  ingredients  in  cow^a  milk  whiiih  are  esjiecially  useful 
and  desirable,  while  others  arc  to  be  avoided  or  modified  ?  Can  anything  be 


I 


I 
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added  to  the  milk  which  will  tncreusc  its  nutrient  effect  or  tend  to  curtail 
its  objectionable  properties?  Finally,  is  there  anything  that  can  be  sub- 
stituted for  milk  cither  wholly  or  parl.i&lly  ?  All  of  these  questions  will 
in  turn  demaud  our  attention. 

Miik  from  one  Cow. 

Is  it  better  for  the  infant  tliat  it  should  have  milk  always  from  one 
and  the  same  cow?  This  question  cannot  be  answered  for  nil  cases  alike. 
The  milk  of  a  pasture  cow  is  certainly  preferable  to  the  mixed  milk  of  a 
dairy  where  the  cows  are  stall-fed,  and  to  the  milk  that  is  sold  in  shops. 
Milk  kept  in  a  stationary  receptacle  is  not  always  uniform.  The  upi)er 
layer,  after  standing  for  some  time,  contains  more  cream  than  thf>  Inwer. 
But  the  milk  of  a  cow  kept  by  poor  people  und  fed  in  a  stall  is  certainly 
no  better  than  the  mixed  milk  which  is  found  in  a  dairy  and  is  sold  in  the 
neighboring  town.  Furthermore,  every  cow  has  its  individual  peculiarities 
in  health  and  disease,  the  same  as  a  woman.  I  have  always  preferred  to 
rely  upon  the  mixed  milk  from  a  dairy  than  upon  the  yield  of  a  single 
cow.  Unlooked-for  changes  in  the  cow's  health  or  in  the  constitution  of 
her  milk  are  liable  at  any  time  to  produce  unpleasant  effects  upon  the 
child  which  is  fed  with  her  milk,  not  to  speak  of  any  such  grave  disorder 
as  the  murrain. 

Conderued  Milk. 

The  method  of  preparing  condensed  milk  with  the  admixture  of  such 
great  quantities  of  sugar  as  to  yield  from  30  to  -18  per  cent,  of  sugar  in 
its  solid  ingredients  is  a  woll-known  process.  With  regard  to  this  prep- 
aration, Kehrer  says  that  when  sufficiently  diluted  it  reudily  induces  the 
formation  uf  lactic  acid,  and  that  delicate  children  will  not  thrive  on  it. 
In  such  coses  he  deems  it  necessary  to  add  barley-water  or  oatmeal  gruel 
as  well  as  antacifh.  Fleischmann  also  accuses  it  of  causing  a  prcdisposi- 
tton  to  thrush  and  diarrhiea.  lie  lays  stress  upon  the  fact  that  even 
when  it  has  been  properly  diluted  the  proportion  of  the  protein  com- 
pounds to  the  carbohydrates  ts  diminished,  and  thereby  its  nutritive  value 
impaired.  My  own  experience  with  condensed  milk,  which  has  been  rather 
extensive,  has  led  me  to  learn  that  when  diluteil  sunr-ly  with  water,  even 
thoug^h  to  the  proper  degree,  it  is  apt  to  be  followed  by  disagreeable 
results ;  although  the  inlluoiice  of  the  large  amount  of  sugar  does  not 
operate  in  the  manner  as  above  allcge<i.  F^or  the  sugar  which  is  added  to 
oondense<l  milk  is  not  the  easily  decomposed  milk-sugar.  Yet  catarrh  of 
the  stomach  and  bowels  Is  a  frequent  result  of  its  use.  I  have  seen  few 
ohildrcn  enjoy  undisturtied  health  who  were  fed  exclusively  upon  con- 
densed milk.  Those,  however,  who  take  it  mixed  with  a  certain  propor- 
tion of  barley-water,  either  regularly,  as  1  rei^ounnond,  or  in  rases  of  teni- 
j>orarb'  necessity,  as  advised  by  Kehrer,  thrive  quite  well.  I  cannot  say 
that  1  have  been  ablt;  to  di6t.^iivi.-r  any  material  difference,  wliL-ther  con- 
densed milk,  or  good  ordinary  city  milk,  was  given  in  this  way.     But  it 
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should  not  t>e  forgotten  tliat  barley-water  is  a  more  desirable  addition  tftl 
the  mixture  thnti  oatmeal  gruel,  because  of  the  laxative  effect  which  ths 
latter  tnuy  havt*.  If  the  condensed  milk  be  given  in  this  way,  we  need 
not  fear  a  repetition  of  Daly's  experiences.  He  found  that  children  took 
the  condensed  milk  readily,  and  grew  fat;  but  in  case  they  fell  sick  thpv 
showed  butaligiit  endurance;  they  began  to  walk  lute;  their  fontauelles 
were  alow  in  closing,  and  other  signs  of  rhachitis  showed  theroselvea. 


Bailed  mik. 

It  is  known  by  exporionce  that  the  effect  of  boiling  the  milk  i«  to 
check  its  tendency  to  become  sour,  and  to  abstract  a  portion  of  its  cream 
(casein  and  fat).  It  is  true  that  the  amount  thus  withdniwn  is  but  trifling; 
but  to  rely  on  spontaneous  separation  of  the  creatn — which  then  could  he 
removed — is  dangerous,  because  while  cream  is  forming  on  the  surface 
the  whole  of  the  milk  ia  turnitig  sour,  Willi  regard  to  the  diminution  of 
the  tendency  to  become  sour,  the  influouce  of  boiling  the  milk  may  operate 
in  various  way."^.  Certainly,  amphoteric  milk  hoconies  alkaline  by  boiling. 
13y  this  means,  also,  a  large  quantity  of  gas  (three  per  cent,,Hcc»rdiiig  m 
lloppo,  consisting  of  C'O'55,15-N40,56-O4,2it)  is  expelled  from  |ierfe<jtly 
fresh  milk;  and  the  loss  of  oxygen  Ju  that  way  tends  to  diminish  the  for- 
mation of  lactic  fluid.  This  escape  of  gas,  together  with  the  slight  alter- 
fttion  in  taste,  is  doubtless  the  foundation  of  the  religious  aversion  with 
which  boiling  the  milk  is  regarded  in  many  quarters  :  "  It  destroys  a  cer- 
tain volatile  principle,  of  unknown  nature  to  be  sure,  but  wbioh  unques- 
tionably is  beneficial  in  its  effect."  ' 

For  the  reasons  given  above,  I  believe  that  the  effect  of  boiling  the  milk 
is  beneficial.  The  abstraction  of  gas  certainly  contributes  to  protect  the  milk 
from  such  influences  as  those  described  by  Lawson  Tait.  He  found  that 
milk  left  in  open  vessels  took  the  odor  of  substances  in  its  vicinity.  Should 
fungi  be  present,  boiling  would  either  destroy  them  or  at  least  temporaril) 
prevent  their  development.  Bt'rhamp  claims  to  have  found  alcohol  and 
acetic  acid  in  the  mammary  gland  itself.  Von  Heasling  has  published 
observations  concerning  the  devolojunciit  of  mould  in  milk,  which  are 
interesting  as  showing  that  the  milk  could  be  so  permeated  with  the 
germs  as  to  commuiiictiti;  their  poisonous  nature  to  the  coffee  to  which  it 
was  added;  those  taking  coffee  without  milk  were  not  affected.  Falger 
considered  it  necessary,  in  order  to  obtain  milk  as  free  from  vegclahle 
germs  as  possible,  to  have  it  milked  directly  into  bottles  that  eould  b«* 
tightly  corked  immediately  afterwnnl,  and  even  recommended  a  special 
apparatus  for  antiseptic  milking  and  for  preserving  the  milk  hermetically 
scaled.  In  addition,  but  lately,  cases  of  typhoid  fever,  and  infectious  dis- 
eases in  general,  have  been  reported  as  the  results  of  diseased  milk.  If 
ail  this  is  anything  more  than  accident  or  caprice,  we  may  be  thankful 
that  in  the  simple  procedure  of  boiling,  we  have  the  means  of  rendering 
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the  milk  siirnr  anil  ninre  illgcstiblo.  t'ndorall  circiiniatAncvea  1  forbid  that 
mfantsaliall  l>o  tad  ou  raw  milk.  A  portion  of  the  fat  and  casein  can  and 
should  bo  dispensed  with,  the  fonnatioii  of  lactic  acid  postponed  or  pre- 
vented, and  disease  ^rms  destroyed. 


I 
I 
I 


Goat's  Milk. 

The  disparity  in  the  results  obtained  by  chemical  examinations  of 
j^oat^s  milk,  and  in  the  methods  even  of  examinatinn,  is  fully  in  kcepinj;^ 
with  the  diversity  in  the  clinical  renults.  Thfi  fact  that  goat's  milk  is 
generally  so  easily  procured  has  favored  the  accumulation  of  clinical  in- 
vestigations concerning  its  us*;.  Were  the  advantages  of  goat^s  milk  as 
real  as  by  many  observers  they  are  believed  to  be,  surely  public  opinion 
would  long  ago  havt.  declared  in  its  favor.  People  iiavo  gone  so  far  as  to 
let  the  ohildren  suck  directly  from  the  goat;  such  extravagance  lias  not 
been  reached  yet  with  regard  to  cow's  milk.  My  own  experience  is  not 
favorable  to  goat's  milk.  The  extreme  richness  \n  fat  renders  it  indiges- 
tible, and  the  offensive  odor  is  often  objectionable.  It  is  now  a  long 
time  since  I  have  seen  children  fed  with  it.  Hauner's  experience  with 
regard  to  goats  as  wet-nurses  is  likewise  unfavorable.  Infants  never 
thrived  on  the  milk.  Two  remained  weak  and  thin;  the  others  did  not 
retain  it;  they  vomited  and  had  diarrhnca^  and  were  obliged  to  have  other 
nourishment.  The  writers  on  the  subject  do  not  agree  even  as  to  the 
chemical  and  physical  constitution  of  the  solid  ingredients  of  the  milk. 
Kehrcr  having  asserted  that  goat's  milk  was  afTeeted  by  the  artiiicial 
gaatric  juice,  the  same  as  cow's  milk — an  assertion  that  I  have  myself 
very  often  verified  clinically — it  was  disputed  by  Kraus,  who  thouglit 
that  the  coagula  which  form  from  goat's  milk  under  the  action  of  rennet, 
with  hydrochloric  acid,  were  much  more  like  the  cascine  of  woman's  milk 
than  like  that  of  cow's  milk. 

After  all,  as  the  only  animal  milks  which  can  bo  substituted  for  wo- 
man's milk,  when  this  is  wanting,  are  goat's  or  oow's  milk — ass'sor  mare's 
milk  being  out  of  the  question,  because  of  their  scarcity — the  latter  re- 
quires further  consideration  as  to  its  capability  of  serving  as  an  available 
substitute  for  human  milk. 


CoioV  MiOc  fi7id  Woman^a  MUk  Compared, 

The  differences  between  the  two  are  unexpectedly  great.  Human 
milk  is  alkaline;  tho  reaction  of  cow's  milk  appears  doubtful  at  every 
moment.  At  all  events,  authors  do  not  express  uiiifonn  opinion.^.  D'Ar- 
cot  and  Petit  found  cow's  milk,  when  the  animal  was  fed  in  the  stable, 
always  acid;  in  pasture,  always  alkaline.  According  to  some,  as  Bruno 
Kerl  and  F.  Stohmann,  the  milk  begins  to  turn  acid  in  the  udder.  So 
believes  Zahn,  who  explains  the  fonnation  of  casein  out  of  the  albumen 
of  the  tnilk  by  the  inripiotit  fonnation  of  lactic  acid  in  the  udder. 

Hennig  suoueedet]  in  obtaining  alkitlino  milk  by  proper  feeding,     Tho 
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quoation  is  perh&ps  best  answered  by  obson'ations  of  Soxhlct  and  Heints, 
who  first  discoi-ered  the  so-called  amphoteric  reaction,  which  depends 
upon  the  relative  amuuii*  uf  bi-pbosphate  of  potassa  and  the  twu-lhird» 
phosphate  of  potassa,  which  is  a  common  constituent  in  the  milk.  The 
former  has  the  quality  of  coagulating;  casein.  Where  it  preponderates, 
milk  ooag-ulatt^s  more  easily,  and  has  an  aotd  reaction.  If  it  is  wamied 
s^ain,  it  becomes  alkaline.  The  point  of  practical  importance  lies,  there- 
fore, in  the  fact  that  cow's  milk  is  frequently  slightly  acid  ;  milk  taken 
from  cows  fed  in  the  stable  being  always  so.  This  is  one  reason  why  it 
becomes  so  frequently  necoj^sary  to  use  antacids  in  feeding  children. 

The  second  difference  between  the  two  milks  relates  to  the  percentage 
of  sugar.  There  is  more  sttt/ar  in  human  milk,  with  Icascasein  and  butter. 
Hence  its  bluish  color,  and  part  of  the  purgative  nflfect  of  eolostrum.  It* 
percentage  is  particularly  high  in  the  milk  of  ansemic  women.  When,  as 
frequently  occura,  the  solid  constituents  are  diminished,  diarrhoea  is  a  fre- 
quent result. 

The  transformation  of  milk-sugar  into  lactic  acid  takes  place  very  rap- 
idly, and  explains  why  cowl's  milk  turns  acid  within  a  short  lime.  Thi» 
change  ihn'H  not  take  place  in  cane-sugar,  at  least  Tiot  to  the  same  extent. 
For  that  very  reason,  cane-sugar  is  used  for  the  pur|K»se  of  preserving  milk. 
It  is  through  it  that  condensed  milk  remains  unaJTecited  for  some  time. 
For  this  reason  it  is  not  at  all  imlifTercnt  whether  milk-sugar  or  cane- 
augur  is  added  in  artificial  feeding.  It  has  been  said  that  milk-sugar  is 
preferable;  ^^A"/,  because  it  is  u  natural  constituent  of  tiatural  milk;  and, 
mcontl,  because  it  contains  jthosphatos.  But  it  is  a  fact  of  much  greater 
importance  that  milk-sugur  turns  to  lactic  acid  in  a  very  short  time;  that 
thus  an  excess  of  acid  accumulates  in  the  stomach;  that  through  it  pro- 
tein coagulates  and  is  rendered  indigestible,  and  that  it  loosens  alkalies 
and  lime  from  its  phosphoric  combination,  thereby  eltminal)ngp)iospliunc 
acid  before  the  proper  time,  and  gives  rise  to  dlarrhiea  and  rhachitis. 

This  should  be  a  sufficient  reason  whj'  milk-sugar,  as  an  addition  in 
that  which  is  found  in  cow*8  milk,  shottld  be  emvj'ui/i/  nnoufttl^  and  sliould 
be  replaced  by  cane-sugar. 

The  third  difference  is  that  there  is  less  butter  in  the  milk  of  the 
woman  than  in  that  uf  tho  cow.  The  immediate  conclusion  that  mav  be 
drawn  from  tliis  fact  is  that  cow's  milk  sliould  bo  depHveil  of  some  of  it« 
fat,  and  none,  as  some  have  it,  addled  to  it. 

1  know  that  the  probable  re-ason  for  their  reoomniondation  was  tlio  at- 
tempt at  restoring  the  equilibrium  between  tho  fat  and  casein;  but  the 
increase  nf  butter  is  a  dangerous  pruccdurc.  Even  in  human  milk  it  Is  a 
c-onatituent  of  doubtful  value, 

Kat  is  digested  by  the  pancreas.  It  is  deoompospil  into  glycerine  and 
fat  aciils.  The  glycerine  combines  with  {>hosphoric  acid  to  make  glycero- 
pho3ph'»ri<:  acid.  The  fat  acids  are  saponified  with  alkalies  found  in  the 
intestinal  tract. 

The  pancreas,  however,  acta  only  when  the  contents  of  tho  Intestine  are 
alkaline,  or  nearly  so,    This  alkaline  coiidilion  ia  the  result  of  the  preseitce 
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of  tho  phosphate  of  soda.  Whore  there  is  acid  in  the  inteatines,  tho  effect 
of  the  pancreas  is  set  at  naught;  or,  at  all  events,  Ihne  is  washed  out,  and 
the  formation  of  bones  is  retarded.  Xut  only  do  the  bones  suffer,  howeveiv 
but  also  the  blood  and  muscles  are  wanting  in  lime  and  phosphoric  acid. 

This  condition,  known  by  the  general  name  of  rlmchitis,  is  then  the 
result,  either  of  original  absence  of  phosphates  in  the  food,  or  still  more 
frequently  of  excessive  formation  of  aoid  in  the  intestitial  tract.  Thus  it 
is  that  rhaohitis  is  so  frequent  a  result  of  chronic  digestive  disorders.' 

Tlie  latter,  however,  is  much  more  frequent  than  the  former;  for  there 
are  very  few  infant  foods  which  do  not  contain  a  sufficient  amount  of 
phosphates  for  the  wants  of  the  organism.  In  a  very  young  child  the  coo- 
tents  of  the  intestinal  tract,  however,  are  seldom  so  alkaline  as  they  should 
be  for  nonnal  pancreatic  digestion.  In  fact,  normal  fieces  arc  very  apt  to 
be  acid.  There  is  always  some  acetic,  stearic,  butyric,  capric,  capronic, 
and  caprylic  acid  contained  in  them. 

Hop|ie-Seyler  found  free  acids  in  the  frecos  of  dogs  and  adults. 

Wegscheidep  met  with  them  in  nurslings  who  received  nothing  but 
mother's  milk.  Their  percentage  depends  very  probably  upon  two  causcM 
—either  the  quantity  of  food  introduced  into  the  stomach  is  too  largo,  or 
the  quantity  of  digestive  fluid  is  too  small.  From  what  we  know  from 
direct  experiments  upon  the  diastatio  effect  of  the  pancrejis  in  small  chil- 
dren, we  are  entitled  to  conclude  that  the  function  by  which  it  digests  fat 
is  limited  at  that  as  at  any  other  age.  This  is  not  only  a  conclusion  justi* 
Bed  d  priori^  but  direct  investigations  of  Wegscheidor  led  him  to  tliw 
following  imiMjrtant  results  :  fats  are  not  completely  absorbed;  one  part 


'  The  qufestion,  if  by  the  intmdnotion.  into  the  digesfctre  org&iu  of  an  aoimal,  of  lac* 
tie  acid,  tbe  bonu  con  bo  deprived  of  limo,  ta  certniol^an  Imjiortant  one.  Wheu  luvtia 
•etd  ia  iDtrodaoed  into  the  Hystcm,  or  whon  it  ih  formRd  hj  the  norma],  or,  more  fre- 
qaeotl/.  by  on  abuurmiU.  |>toc(.i»  of  dlgcttiOD.  oan  it  inflaccco  the  osseous  system  ? 
E.UmHH(Z.  f.  Bu}l..  XIl.)rc'purlH  the  fnllowinf^exiienmf'nt:  Adop.  ono andahalf  ycam 
old,  and  weigbiu^  4.701  ip-iuB.,  was  fud  through  ttOH  days  on  44.!)^  g-rnts.  of  meat, 
S,M1  of  pock,  and  2.380  of  lactic  acid  When  he  was  killed,  hu  weighed  4,M7(t  gmu. 
Meanwhile,  the  amount  of  lime  ood  mnfrnesia  rontaincd  in  hiH  urine  and  tieoes  omoanted 
to  jurt  the  sum  introduced  ;  tbua  oortainty  lactic  acid  climin&l4:d  no  lime  or  mapicsia. 
The  relative  wci|;ht9  of  the  ozi^aus,  seoretions.  and  blood  wurc  uot  changed.  There 
Waa  no  anomaly  of  the  bunsM,  partioulnriy  no  rhaohitis  or  osteomalacia. 

W«  have  lo  concludu,  then,  Ifaat,  us  bub  liMlc  lactic  acid  waa  eltminnled,  tbe  latter 
la  decompoMd  in  tbesy«tem.  But,  on  the  other  baud,  is  it  not  poaiihle  that  lactiooold, 
alowly  and  irregularly  formed,  should  not  differently  from  what  lootic  acid,  intrixluoed 
from  onttide,  ifi  known  to  do  ?  If.  however,  lactic  aoid  is  to  act  on  the  1>onefl,  ic  caunnt 
reach  them  except  through  the  circulatloa.  Neither  lymph  nor  blood  iitacid.  nnd  cat- 
tatnly  contaiuft  uo  lactic  acid.  Thus  oHrtainly  the  bonoi  ate  in  ptrfecl  Httfuly  mo  f:ir  as 
any  danger  nn  that  score  is  coacemed.  The  theory  thai  formation  of  lactic  acid  ij>  .t 
•aBoHink  catute  for  rhachitie,  toasmuoh  an  it  wafihe«  out  the  phonphate  of  lime  from  the 
bODEa — a  theory  winch  bus  been  upheld  by  our  towniunun,  Dr.  Ffciumann — in  thuru- 
fan  nraofa  losa  plausible  than  it  looks  on  Qntt  Right.  For  it  ui  tnie  that  lootic  ocid 
will  diSBolve  bone  in  the  tumbler  ;  bo*  in  the  orgnnism  it  cannot  gut  at  tbe  bones  ;  it 
is  deeompoaed  before  it  is  r^ady  for  an  attack-  BcnidcK,  rhachitiH  in  by  uo  meantt  a 
■tmple  ahemioal  {tnooeaa  If  it  were,  we  could  change  a  healthy  bone  into  a  rhachiU- 
oal  ooe  in  a  ohemical  laboratory. 
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leaof-D  the  intefthie  In  a  saponified  cofutUion  ;  a  stvond part^  ffj'i^€e,J\jUty 
ocid  f  a  third,  anj'at  in  an  uncfuinged  condition. 

Where  no  f«o(l  is  jfiven  but  mother's  milk,  which  oontaios  fat  in  pro 
|)ortiot)ately  smaller  (|uaiitiiics  than  cow's  milk,  and  finely  sasponded  and 
fflBily  absorbod^  it  good  deal  of  fat  /jt  eiiminiUed, 

There  is  no  sugar  in  such  firccs,  Init  a  great  deal  of  rauoine.  What  has 
been  o-alled  milk  detritus  in  the  fjcces  is  not  all  undig'<:;sted  ca.'win,  but,  on 
the  contrary,  it  is  mostly  fat,  and  very  probably  rcinrmnts  of  ititestinal 
ppitfaeliura.  This  milk  detritus,  so-rolled  casein,  antl  mainly  consisting  of 
oiein,  mai'garin  and  steuriit,  is  not  soluble  in  walfir,  acids,  or  alkaline,  but 
very  soluble  in  alcohol  and  ether. 

Praetieally  this  fact  is  of  the  very  greatest  importance.  Fat  is  not 
completely  absorbed  under  the  most  normal  circumstances.  Fat-arifls  are 
easily  formed,  and  accumulate  to  such  an  extent  that  they  are  found 
in  moderate  quantities  in  even  the  healtliic^st  nurslings.  Superabundance 
nf  fat-acirl  is  a  common  derangement  of  digestion  and  assimilation,  and  it 
impedes  the  previously  normal  secretion  of  other  iligesttve  fluids.  Thus 
there  is  a  plus  of  fat,  c-vou  in  the  normal  food  of  the  nursling,  the  breast- 
milk. 

The  ronelusion,  then,  is  that  we  have  to  be  vert/  cartj'td  in  the  prfpfurtt- 
tioii  'if  artificial  food.  It  is  tdmost  certain  t/uU  toe  ffioc  too  much  fat ;  it 
u  acarcely  eoer  probullG  t/uU  t/tcrc  is  toa  little.  Therefore  the  addition 
of  cream  is  reprehensible,  no  matter  in  what  shape.  A^'^he^ever  t-ri-aiu  and 
cream  mixtures  liavu  been  recommended,  inventors  and  backers  have  always 
made  the  statement  that  such  mixtures  are,  "as  a  rule,'*  well  tolerated. 
It  is  a  doubtful  praise,  however,  that  food  should  be  simply  well  tolerated, 
"  as  a  rule."  The  fact  alluded  to  has  probably  been  the  cause  why  IJcbig 
has,  in  his  artificial  fo<jd,  only  forty  per  cent,  of  the  fat  contained  in 
mother's  milk. 

Fourth. — The  addition  of  water  to  cow's  milk,  boiled  or  not,  with  or 
without  the  addition  of  su;rnr,  has  always  been  the  first  means  of  render- 
in<^  cow's  milk  more  .similar  to  woman^s  milk.  The  thousands  of  recom- 
mendutioiiH  of  measurements  and  percentages  found  in  boo}cs  and  jounialji 
are  but  repetitions  of  what  women  of  all  countries  have  put  in  practice. 
There  are  many  large  institutions  in  which  children  are  not  given  any 
other  fo<">d  except  this  mixture  of  milk  and  water.  Is  this  addition  bene- 
ficial, indifTerent,  or  injurious?  Is  it  useless  ballast,  molesting  the  skin 
and  kidneys,  and  soiling  linen,  or  does  it  mean  something  else? 

The  Influence  of  absorption  and  eliminatiou  of  water  has  been  thor- 
oughly studied.  \Valcr  and  urea  stand  in  a  positive  relation  to  each 
other.  Bt&choff  found  an  incrcaso  of  urea  with  an  increase  of  elimination 
of  water  through  tho  ki'^Ineys  in  man  and  in  the  dog.  Genth  ex|>erimcritod 
upon  himself  with  the  same  result. 

Whenever  animals  are  to  bo  fattened,  water  is  refused,     The  accuniu 
lation  of  fat  is  the  result  of  a  morbid  condition.     Neither  the  chihl  nor 
the  adult,  however  is  to  bo  fattened.     Where  lively  metamorphosis  of 
tissue  is  requiroil,  water  is  indicated. 


lifFANT    HYGIENE. 


113 


Tot  only  is  water  necessary  as  regards  elimination,  but  also  for  diges- 
tion and  particularly  for  secretion  of  an  effective  pepsine.  The  amount  of 
secretetl  pepsine  depends  to  a  great  extent  upon  the  nature  of  the  inge«ta. 
It  18  considerably  increases!  by  injections,  into  the  veins,  of  solutions  of 
sugar,  of  digested  meat,  and  particularly  of  dextrine.  Such  is  the  effect 
of  sou]>  taken  before  our  meals.  As  soon  as  milk  Is  introduced  into  the 
stomach,  water  and  the  dissolved  sugar  and  uioul  of  the  salts  are  absorbed 
and  pepsin  is  secreted. 

Butter  does  not  find  its  digestive  clement  in  the  stomach,  but  must 
wait  for  the  action  of  the  bile  and  the  pancreas  in  the  intestinal  tract. 
Casein,  however,  reuuiins  in  the  stomach  to  wait  for  the  iiiflueiiue  uf  the 
digestive  fluids,  which  require  a  large  amount  of  water.  It  is  an  old  ob- 
iiervation  that  water  facilitates  the  digestion  uf  casein. 

When,  in  experiments,  digestion  ceases,  the  digestive  process  recom- 
mences as  soon  as  water  is  added,  with  an  increased  secretion  of  pep- 
sin.  Any  cause  rendering  milk  more  concentrated  disturbs  digestion; 
therefore  condensed  milk  retjuires  great  dilution.  Frequency  of  nursing 
Bt  the  breast  of  the  mother  or  wet-nurse  renders  milk  condensed  and  in- 
digestible by  increasing  the  amount  of  casein. 

Hot  weather,  fever,  menstruation  of  nursing  women,  all  have  the  same 
effect.  While  the  secretioti  of  acid  in  the  stomach  depends  mostly  upon 
the  introduction  of  siilid  substances,  the  fonnatiun  of  pepsin  depends  prob- 
ably ujKtn  ihc  introtluction  of  liquids. 

When  adults  do  not  tolerate  liquids,  the  cause  is  to  be  sought  for  in 
the  impro{)er  relation  of  acids  and  water,  which  should  be  about  four  parts 
in  a  thousand.  The  introduction  of  a  small  quantity  of  muriatic  acid,  iir, 
perhaps  belter,  of  solid  food  with  chloride  of  sodium,  will  l>e  the  remedy. 
This  disproportion  is  not  so  frequently  met  with  iu  children.  They  have 
a  natural  tendency  to  the  formation  of  acid.  Milk-sugar  turns  into  lactic 
acid  at  once.  A  very  trifling  digestive  disorder,  resulting  from  clmnges  in 
the  diff^^tive  surface  or  in  the  introduced  food,  results  in  the  secretion  of 
mucus  aiid  tlte  production  of  acid. 

The  presence  of  large  quantities  of  farinaceous  foods  is  still  mure  apt 
to  give  rise  to  fermentation  and  the  fonnation  of  acids.  Children  who 
partake  of  them  indiscriminately  and  freely,  suffer  a  great  deal  from  a  super- 
abundance of  acid  in  the  whole  intostinal  tract,  but  scarcely  from  the  ab- 
»enoe  of  acid.  Now,  in  addition  to  this,  it  is  a  fact  that  infants,  as  a  rule, 
are  not  given  water  to  drink.  We,  moreover,  know  that  in  the  ,/rV»/  few 
months  of  their  lives  but  little  liquid  is  secreted  in  the  mouth  which  might 
have  a  local  effect  in  the  stomach.  Thus  we  can  say,  positively,  that  in- 
fants are  vcrj'  much  more  Habie  to  futve  too  lUtlc  water  in  their  food  than 
too  much.  This  is  the  most  important  reason  why  the  food  of  infants 
should  be  given  in  groat  dilutiuu — in  greater  dilution,  certainly^  than  the 
usual  rules  found  in  the  books  would  permit.  At  all  events,  it  is  well  that 
children  should  have  plenty  of  water  in  their  food.  Wo  must  not  forget 
that,  as  a  rule,  they  obtain  it  only  in  their  milk.  No  matter  whether  it  be 
winter  or  sunmier,  hardly  ever  is  there  a  mother  or  a  nurse  who  imagines 
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that  a  child  can  be  thirftj  without  ho'ing  hungry  at  ttio  same  time.  Much 
discomfort  and  a  good  deal  of  aickness  is  a  result  of  the  fact  that  in- 
fants must  cut  in  order  twt  to  be  tliirKty^  and  hare  frequently  to  go 
thirsty  because  an  oper*exerted  and  disordered  stomach  will  not  accept 
tiny  mure  food.  That  has  been  tba  reason  why  in  the  rules  and  reg'ulationa 
f<»r  infants,  as  published  by  the  New  Yurk  board  of  Health  for  the  hut 
half-dozen  years,  I  have  impressed  upon  tlic  minds  of  mothers  the  n«OM- 
sity  of  now  and  then  giving  some  wat<u'  to  their  children. 

J'T/t/t. — The  casein  of  cow*s  milk  and  the  casein  of  woman's  milk  are 
two  different  substances.  When  isolated  by  alcohol,  by  which  both  ar^ 
thrown  out  of  their  combinations  to  a  certain  extent,  the  chemical  proper- 
ties are  found  to  difTer  widely.  Thus  obtained,  cow's  caseiiij  when  moist, 
is  white;  when  dry,  yellowish.  It  reddens  litmus-paper,  and  acidulates 
water,  in  which  it  is  soluble  in  the  proportion  of  1-20.  Woman's  casein, 
however,  in  its  moist  condition,  is  yellowish,  alkaline,  or  neutral,  and  dis- 
solves almost  entirely  in  water,  the  solution  being  of  neutral  reaction. 
Vicrordt  and  Biedcrt  found  the  quantity  contained  in  the  (wo  milks  to 
di£er,  therv  being  less  tn  woman's  milk  than  in  cow^s  niilk. 

When  exposed  to  urtilioinl  gastric  juice  they  also  ant  differently.  In 
a  surplus  of  it  woman's  casein  is  dissolved  in  a  short  time;  cow*s  caseini 
in  twenty-four  hours.  Mineral  acids,  lactic  acid,  acetic  acid,  tartaric  acid, 
Epsom  salts,  phosphate  of  lime  in  solution,  coagulate  cow's  milk  in  hard  and 
dense  maKtu-s;  not  so  human  milk.  Solutions  of  both  kinds  of  casein  in 
alkalies  show  many  similar  properties;  but  the  sediment  produced  by  the 
addition  of  lactic  acid  can  yield  essential  differences.  Thus  there  is  a  chemi- 
cal as  w^^'Il  as  a  physical  difference  between  the  two  species  of  caaein.  Al- 
though (heir  relation  to  artificial  gastric  juice  haa  not  been  found  to  differ 
to  that  extent  by  Dr.  C.  P.  Putnam,  of  Boston,  it  is  upheld  by  a  number  of 
other  observers,  and  the  fact  becomes  clear  that  pure  cow's  casein  is  very 
much  ic.18  digestible  than  human  casein.  At  all  events,  it  should  be  so 
considered,  and  infants  should  have  only  as  much  casein  as  proves  digest)* 
ble.  One  of  thf  alleged  means  of  combating  the  improper  effect  uf 
casein,  as  has  already  boon  stated,  is  to  inoroase  the  relative  amount  of 
fat  by  adding  it  to  the  food.  It  is  true  tliat  in  this  way  a  more  prop^rr 
relation  of  the  two  can  be  obtained,  but  certainly  no  more  proper  relation 
of  the  two  to  the  irtsufltcient  condition  of  the  infant  digestive  organs. 

Besides,  the  addition  of  cream  to  either  casein  or  fresh  milk  has  some* 
thing  very  doubtful  about  it,  as  at  tlio  time  when  cream  has  fonnodj 
upon  milk,  by  simply  allowing  it  to  stand,  the  formation  of  lactic  acid  t«" 
going  on  all  the  time.  At  all  events,  no  addition  we  know  of  can  render 
cow*s  casein  more  digestible  than  Nature  made  it,  and  the  only  thing 
which  can  be  obtained  by  any  sort  of  trtratmcnt  of  the  milk  is  to  niuke  it 
leas  injurious.  Perhaps,  however,  the  plan  upon  which  Dr.  J.  Hudisch  has 
acted  may  recommend  itself  to  the  attention  of  the  practitioner.  I  n  order 
to  make  ihjw's  milk  more  digestible,  ho  has  introduco<l  into  my  practice  a 
mixture  which  promisea  to  I>c  of  groat  value  in  all  those  cases  in  which 
coagulability  of  the  milk  is  the  prominent  obstacle  to  its  usefulness.    Tli« 
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mixture  sug^stofl  Uy  litm,  and  used  by  u«  np  to  tins  time  mainly  in  dis- 
eases of  adtitts,  Rtich  as  ana?min,  gastric  catarrh,  ulcer  uf  the  Btomach, 
slow  convalescence,  etc..  is  the  following  :  to  one  pint  of  water  one-half 
teiLS|)oonrul  of  officinal  diliitn  muriatic  lUMil  is  to  bo  added.  To  this  mix- 
ture add  one  quart  of  raw  cold  milk;  nii.v  the  two  liquids  thoroughly  and 
tlien  boil  for  ten  or  fifteen  minuten.  1  have  found  this  prepjiration  to  bo 
very  digestible,  and  tolerated  well  by  very  feeble  digestive  organs.  Clini- 
cal experience  not  onl^'  favors  this  preparation,  but  it  is  also  favored  by 
direct  experiments.  When  liquid  pej>sino  is  added  to  common  milk,  cougu- 
lation  t^kes  place  very  rapidly,  and  in  thick  coherent  masses.  The  same 
liquid  pepaine,  when  added  to  the  above  mixture,  produces  so  slight 
coagulation  that  it  can  scarcely  bo  observed.  The  coagula  also  are  small, 
and  do  not  adhere  firmly  to  each  other.  Essence  of  rcnuot  coagulates 
common  milk  speedily  and  completely;  the  above  mixture  more  slowly 
and  not  so  completely.  The  coagulation  of  common  milk  exhibits,  a{ter 
a  certain  time,  thick,  dense,  and  firmJy  eohtfrcnt  masses.  The  coagula 
produced  by  the  above  mixture  are  fitie,  loose,  and  arc  easily  separated 
when  the  liquid  is  shaken. 

Valuable  as  this  preparation  of  cow*8  milk  may  prove  in  future,  thoro 
i«  one  method  for  making  cow's  milk  more  available,  which  in  at  onee 
simple  and  effective.  No  ctiw's  milk  ought  to  bo  administered  without 
the  addition  of  chloride  of  sodium.  Not  otdy  cow's  milk,  but  also— and 
even  much  more  sn — farinaceous  admixtures  to  cow's  milk  require  its 
presence  in  the  food. 


Chloride  of  Sodium. 

Ttie  part  which  s:ilt  plays  in  nutrition  is  an  exceedingly  important  one. 
Tt  is  a  well-known  fact  that  animals  which  receive  a  certain  amount,  of 
s«lt  (30-oO  grms.  to  a  weight  of  1,0(10  lbs.)  are  disposed  to  take  a  larger 
quantity  of  fodder  than  without  it,  and  that  the  fodder  is  not  only  improved 
thereby  in  tast*?,  but  apparently  also  in  its  nutritive  effect.  **  But  wn 
have  little  positive  knowledge  as  to  whether  the  salt  promotes  the  digesti- 
bility of  the  fodder,  or  certain  of  its  component  ]mrts,  or  whether  it  has 
no  effect  in  this  respect  *'  (E.  AVolflf).  The  fact  undoubtedly  \h  that  the 
ppi'sence  of  the  salt,  by  inducing  greater  activity  in  the  (ihemical  changes, 
causes  an  incrca.scd  demand  for  food;  thf^  food  alroidy  in  the  intestines  is 
better  iligcstcd  and  absorbed,  mid,  wln-n  excreted,  it  has  unilcrgone  greater 
tnodificatiuns.  Carnivorous  animals  have  not  the  same  need  for  salt  as 
the  herbivorous.  The  food  of  tho  latter,  while  containing  all  the  other 
mineral  substances  necessary  to  tho  animal  organism,  and  in  inoro  or  less 
appropriate  combinations,  is  relatively  deficient  in  salt.  There  is  a  marked 
disproportion  between  the  sodium  and  potassium.  The  amount  of  sodium 
and  ohlorinc  in  the  food  of  carnivora  and  lierbivora  is  about  the  same  for 
each;  but  the  food  of  the  herbivora  contains  twice  or  four  times  as  mu<;ii 
potassium  as  that  of  tlie  esrnivora.  Hence,  an  Hcciimuhilion  of  potassa 
salts  (phosphatle,  etc.)  takes  place  in  the  btuod;  this  accumulation  re- 
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quires  tlio  chloride  of   sodium  to  neutral  ixo  thcmj  so  that  they  may  bt 
t;Uii)iii.-ite(I.     WliKii  Biin;fc  '  took  lurj^o  quantities  (18/^4  grms.)  of  pbof*  i 
])hate  and  cttriito  of  {hjIussu  for  two  days,  he  lost  half  of  hia  aodium  inl 
ciruulatioii.     On  the  next  day  very  little  was  excreted,  because  he  faad^ 
first  to  make  up  for  the  loss. 

lu  thjy  connection  itshoultl  bo  borne  in  mind  that  vegetAble  food  con- 
tains  more  jx>ta>ih  (and  less  soda)  than  niilk^  and  the  milk  of  herbirora 
more  than  the  milk  of  carnivora — facts  of  vast  importance  with  regard  to 
the  preparation  of  artificial  fond  for  the  human  Huckling-. 

In  the  infant  body  ihti  physiological  efTcct  of  salt  is  both  imincdiatei 
and  remote  in  it»  character,  whether  it  be  supplied  directly  iri  the  mothcr*fl  < 
milk,  of  which  it  is  an  imjrartaiit  component  part,  or  is  added  as  a  seasoning 
to  vegetable  food.  A  portion  of  the  salt  taken  may  be  absorbed  in  solu-. 
tion,  but  a  portion  is  unquestionably  decomposed  to  form  another  soda  salt^ 
and  hydrochloric  acii]  (Benuke).  The  latter,  which  is  a  normal  ingredient 
of  the  gastric  fluid,  serves  directly  as  a  stimulant  to  the  secretion  of  the 
glandH,  facilitates  digestion  atid  excites  the  ap]>etitc.  The  superabundant 
acid  that  passes  into  the  intestinal  canal  unites  with  the  soda  of  the  bile, 
which  it  meets  in  the  duodenum,  forming  chloride  of  sodium  again,  which, 
in  luni,  is  dissolved  in  the  fluids.  Here  now  begins  its  chief  function, 
which  consists  in  the  ot^nloi^is  from  the  surface  into  the  villi  and  blood- 
vessels; from  the  villi  into  the  blood;  from  the  serum  into  the  blood* 
coq>usc]es;  from  the  blood  into  the  tissues,  and  back  again.  The  homo- 
geneous aibiimiiioid  substances  do  not  penetrate  the  cellular  walls  ot 
interstices,  hut  the  heterogeneous,  crystal lizable  substances  in  solution 
ran  pemrti-atothem,  bearing  with  them  also  the  albuminoid  bodies,  both  into 
and  out  of  the  celts.  Evoiywhcro  it  is  the  salt  which  renders  possible  the 
processes  of  development,  both  progressive  and  retrograde.  Moreover, 
the  effect  of  salt,  in  very  moderate  quantities,  is  apparent  to  the  chemist 
and  to  the  clinical  observer.  More  water  will  bo  excreted  from  the  kid- 
neys, though  no  more  has  been  snjipliedtotlio  body  by  drinking.  And  with- 
out more  water  being  inirested  the  amount  of  urea  will  be  increased,  that  is, 
the  metamorphosis  of  albumen  will  be  increased  (by  4.7  per  cent,  when  in- 
gested in  moderate  quantity),  in  consequence  of  the  more  rapid  flow  of 
the  pitn.>ncliymatous  fluids.  Of  course  rapidity  of  the  flow  will  depend 
upon  the  amount  of  salt  present.  A  large  ainntint  will  hasten  the  mela- 
morjihosis  of  albumen,  and  necessitate  the  ingestion  of  more  water,  thereby 
increasing  the  excretion  of  urea  and  carlx)nic  acid;  hence,  at  the  sam« 
time,  it  will  diminish,  on  the  one  hand,  the  amount  of  albumen  in  the  tissues-J 
and  in  circulation,  and,  on  the  other,  the  respiratory  material — the  carbi> 
hydrates.  Furthnr  than  this,  they  stimulate  the  surface  secretion  in  an 
enonnous  degree.  In  the  Journal  filr  Kinderkrankfteitcn  of  the  year 
1873,  an  example  of  mother's  milk  is  mentioned,  which  contained  eight  per 
cent,  (i!)  of  salt,  and,  before  the  discovery  of  the  cause,  the  suckling  had 
been  brought  by  diarrhoea  to  the  borders  of  the  grave. 
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Animal  J?u6stilut€s  for  Milk. 

Certain  writers  have  reoommenciod  that  when  milk  alone  or  milU 
inixod  with  water  h&ii  failed  to  produce  a  satisfactory  state  o{  nutrition, 
an  animal  diet — meat-broths,  eggs  and  milk,  etc. — sliould  be  resorted  to 
at  an  early  poriotL 

Jfilk  and  Meat-broths. — 13retuniicBu  reported,  as  early  as  1818,'  that, 
when  children  m  the  hospital  at  Tours,  who  were  sulTcring  with  "tabes 
meseiiterica,"  were  fed  with  milk  and  meat-broth,  they  got  well  of  the  din- 
rasp.  Vaucquelin  found  that  a  mixture  of  t'uw''s  milk  and  meat-broth  was 
the  next  best  thing  to  wouibi^s  milk.  Jtigrr  also  recommends  this  mix- 
ture, but  with  the  very  ambiguous  remark  ttiat  the  addition  of  farinaceous 
roaterial  to  cow's  milk  makes  "  vegetable  milk  still  more  vegetable,"  add- 
ing that  when  children  are  fed  with  meat-broth  and  milk  the  teeth  seldom 
appear  before  the  eighth  and  usually  not  before  the  twelfth  or  sixteenth 
month;  but  we  are  finally  assured  that  the  nutrition  of  the  bones  is  not 
thereby  dixturbed,  and  that  that  of  the  teeth  is  actually  improved;  for, 
though  the  eruption  of  the  permanent  teeth  is  delayed,  when  they  finally 
do  appear  they  arc  all  the  better  developed. 

Mee/-tt'<i. — III  connection  with  the  above  rocommondations  to  combine 
meat-broth  with  the  child's  milk  or  with  its  food  generally,  I  deem  it  op- 
(wrtune  to  call  attention  to  an  article  of  diet  by  which  unquestionably  a 
great  deal  of  harm  has  been  done.  I  refer  to  beef-tea.  It  has  come  very 
largely  into  use  in  practice  among  ctiildren  both  in  this  country  and  in 
Great  Britain.  In  Germany,  tcio,  it  has  found  very  many  advocates,  and 
among  some  who  have  abandoned  the  obsolete  notion  that  when  prepared 
in  the  customary  way  it  contains  a  large  pruportion  of  protein  in  its  com- 
position. It  must  be  rememb:?red  that  this  form  of  meat-extract  contains 
a  very  large  amount  of  salts,  and  that  the  direct  effect  of  these  ujwn  the 
Intestinal  canal  may  be  productive  of  very  unpleasant  consequences.  It  is 
a  mistake  to  give  it  whon  the  intestines  are  irritated  or  very  susceptible  of 
irritation,  fur  the  reastm  that  diarrha*n  is  apt  to  directly  follow  its  use. 
Nevertheless,  I  have  often  seen  bccf-tea  given  under  these  very  circum- 
stances with  no  other  object  than  the  vain  one  of  furnishing  the  child 
with  a  great  amount  of  nourishing  food.  This  is  very  commonly  done 
during  the  obstinate  and  exhausting  diarrhn-a  of  summer.  If  the  people 
insist  upon  giving  it,  and  there  is  no  special  contraindication  to  its  use, 
11  should  be  administered  only  in  connection  witli  some  well-eooked  fari- 
naceous vehicle,  and  the  best  of  all  for  this  purpose  is  barley-water;  or 
it  may  be  mixed  with  beaten  white  of  egg,  but  no  more  salt  should  be 
added.  For  the  main  danger  in  beef-tea  is  the  concentrated  form  in 
which  its  salts  are  given.    They  must  be  expected  to  result  in  diarrha'a. 

I  This  •*  beef-tea,"  so  commnn  with  ns,  must  not  be  mistaken  for  the  beef- 
tea  as  recommended  by  Licbig,  which  ia  but  a  maceration  of  beef  in  cold 
water  with  a  small  amount  of  muriatic  aoid. 


I 
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A  vast  improvement  of  this  hiLS  been  introiluccd  into  my  practice  by 
Dr.  Kiidisch.  Some  ounces  of  tenderloin,  very  finely  cut,  are  mitoenited, 
ftnd  frntjuently  stirred,  in  a  tuniblor  full  of  water  (G  or  6  ounces)  mixed 
with  C  or  d  drops  of  diluted  inuriatie  acid,  for  about  an  hour.  After  that 
the  mixture  is  boiled  ten  minutes.  Not  only  is  the  taste  pleasant,  but 
the  pcrccntap^c  of  the  active  constituents  of  the  decoction  is  much  greater. 

£uttt^rtnUk: — Buttermilk  also  has  been  regarded  as  an  important  ele- 
ment of  the  infant'H  diet.  While  others  insisted  upon  the  necessity  of  in- 
creasing" the  amount  of  butter  in  cow's  milk.  Ballot  removed  the  butter  | 
entirely.  To  a  litre  of  buttermilk  a  spoonful  of  fnie  wheat  (lour  was  added; 
tlie  mixture  was  then  boilyd  for  a  few  minutes  until  i\  thin  g;ruel  was  made; 
0.&-1  grm.  of  sugar  was  added.  If  diarrlxca  occurred,  rice  was  to  be  used 
ill  place  of  the  Hour.  Il  la  not  stated  whether  diarrhoia  was  expected  as 
a  matter  of  course,  or  whether  wheat  flour  and  rice  are  to  be  taken  as  tho 
equivalents  of  each  other.  This  diet  was  begun  as  early  as  the  third 
week  after  birth,  in  order  that  the  child  mtght  Ijecome  accustomed  to  it 
sufhcienlly  early.  Ballot  gave  it  to  his  own  children,  and  many  followed 
his  example.  It  is  stated  also  that  the  same  mixture  was  given  to  the 
nursinjf  infants  in  the  Children's  Hospital  in  notlerdam.  A.  Van  Mans- 
veld  also  claimed  to  liavo  had  good  results  with  it  in  three  cases, 

Ayy  Mtjcturm. — Beno  Martini  gives  a  recipe  for  a  mixture  of  yolk  of 
egg  and  sugar  with  water,  which  is  intended  as  a  substitute  for  mother^s 
milk,  for  a  later  period,  when  the  child's  age  would  corres|>ond  to  breast- 
mdk  of  the  following  composition,  viz.:  water,  S7-U0  parts;  fat,  2-4;  pro- 
tein, 1^3.  Ue  proposes  another  mixture,  which  he  claims  to  have  tested. 
It  is  composed  of  one  yoik  of  egg  (15  gnns.),  100  grms.  of  water,  and  6 
gnns.  of  milk-sugar,  which  is  equivalent  to  water,  89;  fat,  3.7;  protein, 
2.0;  milk-sugar,  j.O.  A  little  clilurato  of  potash  sliould  be  inchnled  in 
this,  inasmuch  as  the  albumen  of  hen's  egg  contains  no  jwtaKh,  though 
doubtless  a  sufficient  amount  of  the  pliosphates. 

A  recipe  somewhat  similar  to  the  above  is  that  of  C  A.  Couderoau. 
It  Is  as  follows:  sulphate  tif  potash,  O.ci;  bicarbonate  of  soda,  1.0;  honey, 
lOO;  water,  300;  S  fresh  eggs  {  =  375grms.).  These  ingredients  are  to  l>o 
well  sliaken  together,  and.  linally,  250  parts  of  lime-water  are  to  be  added. 

During  tlie  siege  of  Paris,  Buuohnt  recommended  this  mixture:  the 
volk  of  an  egg  with  a  little  white  of  ^^Qy  and  15  grms.  of  cocoa  butter,  to 
be  beaten  together,  and  one-half  litre  of  warm  sugar  and  water  to  be  then 
added.  At  the  same  time,  Dubrunfaut  gave  the  following  recipe:  half 
■  litro  of  water  of  a  (empcrature  from  oO"  to  GO*  C,  40-50  grms.  of  sugar, 
20-30  of  dry  albumen,  \-'l  of  8oda,  and  50-00  of  olive-oiL  Gelatine 
might  be  substituted  for  the  albumen  in  this  emulsion.  Tua  jiroposed 
horse-fat  instead  of  oHve-oll.  Gaudin  recommended  tlie  fat  and  also  tlie 
goUtinc  that  is  obtained  by  boiling  bone.  We  doubt,  with  Sanson, 
whether  oil  is  as  dlgeslible  as  the  butter  of  bn>ast-milk.  We  congratulate 
ourselves,  indeed,  that  the  circumstances  of  the  times  do  not  give  ri»i>  to 
such  want  and  general  distress  as  to  necessitate  a  resort  to  such  extraor- 
dinary mixtures  as  these. 
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The  cgg-driiik  rccoinnionded  by  Hennig*  consists  of  200  grms.  of  boiIe<i 
water,  with  whiuh  a  frii.sh  whitp  of  pgg  in  bi*ntcn  at  a  blood-heat,  and  a  little 
■dt  is  added.  If  the  child  wafi  soitu'what  u<lvaiicc(l  in  age,  raw  yolk  of 
egg  and  milk  were  added.  The  mixture  answered  very  well  lit  caAe  of 
diarrhcea.  Raw  white  of  egg  was  added  advantageously  to  any  kind  of 
infantV  food  where  them  was  diarrlnra.  Heiuiig  doos  not,  however,  urge 
its  employment  in  ail  cases,  and  refrains  from  promising  any  wonderful 
effects.  I  am  personnlly  convinced  thai  his  recommendation  of  tho  white 
of  an  egg  is  not  overdrawiu  For  twenty  years  I  have  often  fallen  back 
upon  it  as  a  valuable  aid  in  saving  life.  ]n  the  many  inHtanccs  in  which 
cow's  milk  is  not  tolerated,  th«  wliilc  of  an  egg  comes  in  as  my  sheet- 
anchor,  principally  in  the  severe  cases  of  gastro-intcstinal  summer  catarrh, 
in  which  niilk  ia  not  tolerated  at  all,  and  must  be  discarded  entirely.  ]n 
such  coses  I  mix  the  white  of  tmc  egg  with  a  cupful  of  Imrley-water  and  a 
little  salt,  and  usually  sugar;  on  special  indication,  with  the  required  dose 
of  brandy.  Of  this  the  baby  tak^s  a  teaspornifvil  every  live  or  ten  or  fif- 
tAen  minutes.  In  this  place  I  will  merely  say  that  1  know  that  I  have 
Ved  tnany  a  baby''a  life  in  this  nmiincr. 


I 
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Viffetalfle  tSiUfstUuiea  for  Jfrecut-miik. 

When  animal  substitutes  proved  unavailing,  or  could  not  be  obtained, 
vegetable  ones  were  looked  for.  Great  dirticulties  arose  from  their  com- 
position and  indigestibility.  Particidarly  i»  it  the  starch  contained  in 
vegetable  substances  which  proved  an  obstacle  to  their  use.  We  need 
not  refer  here  to  the  history  of  the  attempts  of  proving  their  usefulness  or 
injuriousness,  nor  to  the  millioriR  of  infants  that  have  been,  and  are,  immo- 
lateil  on  the  altar  of  ignorance  and  recklessness.  What  concenm  us  here 
18  the  question,  to  what  extent — according  to  physiological  la^wa — starch, 
or  substances  containing  starch,  can  be  used  as  infant  food,  or  as  addi- 
tions to  infant  food. 

After  a  tmmber  of  experiments  and  literary  atatements  of  Bidder 
and  Schmidt,  Hitter  von  Rittersliain,  JOrg,  and  myself,  Korowin  made 
a  number  of  expenments  for  the  purpose  of  comparing  tho  effects  of 
the  fwlivary  glands  with  those  of  the  |Mi.ncrea8.  Tie  treated  starch  with 
infusion?)  of  Ijolh  the  pancreas  and  the  parotid  glands.  The  result  was 
this,  that  the  pancreas  obtains  the  power  of  transforming  starch  into  sugar 
at  a  later  time  than  the  parotidn.  No  such  effect  waa  exhibited  by  the 
juincreatic  infusion  in  the  first  month,  but  a  noticeable  one  in  the  second, 
and  a  measurable  one  in  the  thin!  At  the  end  of  tlie  first  year  the  tlias- 
latic  effect  of  the  pancreas  is  fully  developed.  The  parotid  infusion,  how- 
ever, is  effective  from  tho  first  day  of  life,  particularly  in  well-developed 
iufantfi.  Small  pieces  of  sjKinge  were  introduced  into  the  baby's  mouth, 
avl  withdrawn  after  a  while.  It  took  from  fifteen  to  thirty  minutes  to 
olleot  a  cubic  ceniimetre  of  saliva  in  the  mouth  of  infanta  of  from  two 
I  four  weeks,  the  (enfold  time  of  what  was  required  in  infants  of  three 
months.     Now  and  then  the  secretion  would  stop,  after  having  l>een  dis- 
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tinctly  actix-c,  for  a  Httlp  while  Sovontoen  babies,  of  from  one  to  t«ii 
days,  yic'lijud  a  diastatiu  ualiva.  Tlio  number  of  his  quantitative  experi- 
mviita  aiiiuiuitud  to  1:^0.  The  diastatic  ufftHrt  of  the  saliva  of  an  iufaiit 
of  eleven  months  was  as  marked  aa  that  of  his  own. 

Korowiu  also  published  the  results  of  a  aecond  scries  of  pxperimentv 
and  obtHTvatiuDs,  with  the  »anie  results.  ZweifelV  comtluaions  are  »lmilir. 
and  arc  besides  capable  of  illustrating  certain  morbid  conditions.  The 
infusion  of  the  submaxillary  gland  of  a  youug  infuni  3'ielded  no  transfor- 
mation of  starch  into  sugar  after  an  hour's  fjontaot.  The  infusion  of  the 
parotid  of  a  baby  of  seven  days  proved  eiTcutive  after  four  minutHS,  thai 
of  an  infant  of  eighteen  days  who  diedof  gastro-intestinal  catarrh,  and  that 
of  a  fu'tiiH  of  the  ninth  month  of  utero>gcstation,  after  forty-five  minute*. 
No  diastasis  was  produced  by  the  parotids  of  a  prcniaturety  born  child  dead 
of  diiirrhu:a  and  debility,  of  a  fa'tus  of  three  niniiths,  and  of  one  of  (our 
nionthft.  Thus  it  becomes  evident  that  age,  develoj>nient,  or  sicknes*,  witii 
dinnntslied  »inonnt  of  fluid,  is  of  great  moment  in  changing  the  diastatic 
cfTect  of  the  salivary  glands.  Still  it  is  evident  that  from  the  first  daya 
of  life  starch,  in  mtiaU  amounts,  can  be  digested;  that  in  a  few  niuntlis 
after  birth  such  vegetables  as  CL>iituiii  starch  in  niwlerate*  but  not  over- 
whelming percentage,  may  be  used  as  additional  infant  fumJ.  At  thr 
same  time,  we  must  not  forget  lliat  it  is  fiot  absolutely  iieoc^sary  that 
every  particle  of  ingesta  should,  in  nil  instances,  be  digested  and  assimi- 
lated. 'I'hiit  is  impossible;  the  very  bn>ast-milk  contuititj  such  atnounts  of 
fat,  for  instance,  thiit  it  eaimot  all  be  digested  and  absorbed.  The  re- 
quirement is  only  that  not  enough  should  remain  undigested  to  encumber 
and  irritate  Iho  intoslinal  tract. 


The  selection  of  a  diet  which  is,  at  the  same  time,  glutinous  and  nutri- 
tious, will  not,  perhaps,  be  so  difBeult  as  it  ap]K<ars  at  first  sight.  The 
farinacea,  which  cluefly  contain  starch  in  large  quantity,  such  as  poiatoea, 
rice,  and  arrow-root,  must  uaturHlly  l>e  oxcluded.  I  have  employed  verj' 
few  of  the  large  number  of  these  articles,  selecting  them  for  the  great 
quantity  of  protein  substances  which  they  contain. 

Moloschott  gives  the  following  tiatu: 

Protoin  eubBtonoes  in  wheat,  IS5;  barley,  138;  ty%^  107;  oatmeal.  00;  moise,  71); 

rice,  ni- 

Starch  in  rioe,  A2S ;  malia,  (137 ;  wheal,  9(10 ;  rjre.  55.1 ;  ontraeal.  503 ;  bodey,  4SS. 

Fnt  in  maUo.  48;  oatraeal,  40;  baxlejr,  rjre,  wheat,  vor/  little. 

S«ltB,  chieflr  phoephatos,  ia  barley,  97;  oata.  33 ;  wheat,  30;  r^e,  15;  mafae,  13; 
rioo,5. 

potash  is  found  especially  in  wheat,  magnesia  in  wheat  and  maize, 
lime  in  grits  and  barley,  iron  in  barley,  phosphoric  acid  in  barley  a^d 
wheat.' 

Trbo  table  compiled  by  Barrett  from  Peligot.  PrMeniiu  and  Booiaingaalt.  fflvea 
the  foUo*log  r«n»]»a,  which  arc  quite  accurate  la  mort  details: 
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Maize  and  rice  must  bo  exclndod  from  the  liaigivon  below,  on  account 
of  tlieir  Iurji;i>  pereoiitage  of  Blarch.  Barley,  wheat,  rye,  or  oatrneal  are 
preferable  for  their  Ur^e  percentage  of  protein  substances;  barley,  oats,' 
miifl  wheat,  fur  their  richness  in  salts  ;  iron  is  only  present,  in  appreciable 
quantities,  in  barley  and  oatmeal. 

Wheal,  barley,  and  oatmeal  present  a  favorable  history.  Kvcn  during 
the  reign  of  Charles  1.,  when  wln^at  was  aluiosl  unknown  in  the  north  of 
England,  barley  formed  the  orrtinary  diet.  Kven  at  the  present  time  these 
grains  form  the  chief  sustenance  in  many  districts  of  northern  Europe  and 
the  south  of  England,  in  VVales  and  Scotland,  and  of  ninety  per  relit,  of 
the  urban  Uljoring  classes  in  Kngland.  Formerly  the  retinue  oE  the  Kng- 
Hsh  nobility,  and  almost  the  entire  agricultural  ]>opulation  of  England 
and  Scotland,  lived  almost  exclusively  off  oatmeal  (Letheby  on  Food,  p. 
H).  Molcschott  states  that  thirty-six  ounces  of  barley  are  suflioient  nu- 
triment for  a  hard-working  man.  Dujardin  and  Beaumetz  (and  after- 
wanls  Hussein)  arc  enthusiastio  champions  of  oatmeal  and  of  its  great 
importance  in  the  nutrition  of  infants.  They  recommend,  the  use  of  the 
Scotch  cereal.  After  being  threshed,  the  grain  should  be  dried  in  a  stove, 
the  husks  removed,  and  the  grains  should  be  crushed  rather  than  ground. 
The  tine  strained  meal  is  the  part  used  for  children.  They  found  the  pro- 
portion of  the  nitrogenized  to  the  non-nitrogonized  sulrat&nces  in  this 
meal  as  10:38  (in  womairs  milk,  10  :35;  inconimeal,  10  :50),  and  they  lay 
especial  stress  upon  the  amunnt  of  iron  in  oatmeal,  which  far  excce<ls 
that  containcl  in  wheat  bread  or  in  cow^s  milk  (0.0131  as  opposed  to 
(I.004H,  or  0.0018). 

The  list  of  farinaceous  articles  has  not  been  exhausted,  but  thero  arc 
none  others  wlii(!h  conform  l>etter  to  our  conception  of  an  ideal  nutritive  sub- 
stance (one  part  nitrogen,  three  lofournon-nitrogenizod  elements).  Wheat 
Hour  has  been  employed  in  the  preparation  of  most  children's  foods.  Jt 
contains  more  starch  than  barley  or  oatmeal,  and  has,  therefore,  given  rise 
to  r**al  or  pretended  endeavors  to  convert  the  starch  into  dextrin  and  sugar 
before  its  passage  into  the  stomach.  The  smaller  quantity  of  starch  in 
barley  and  oatmeal  renders  this  superfluous,  and  they  can  be  employed  in 
^mmerce  without  previous  preparation.  Oatmeal  was  purtieutarly  rec- 
nmmended  by  the  earlier  writers  a*  a  form  of  infant  diet.  Van  Swieten 
bestows  especial  prai.-tc  upon  it,  and  T.  Hcrlu  rt  IJarkcr  placed  it  at  the 
head  of  articles  of  diet.'     1  have  always  preferred  barley  whonovor  it  bo- 


whML  Bwi*r.  Rtot.  Rrt. 

Water. IS.0  IS.D  7,a  14.7 

SUrob 60.8  48.0«  83.0  65. 1 

Dextrine^  sugar 10.5  7.63 

Gluten 12,5  18,18  7.15  13.5 

Fot 1. 1  0.:U  0.7  2.0 

CeUalosc 1 .5  13.»4  1.0  3.3 

8alU 3.50  0.5  3,4 

*  '*  In  ploeing  o«tmeal  gmel  at  the  head  of  tbo  lint  of  farinooeouB  foodi  I  am  guiiled  ty 
mj  own  obnervation  of  its  utility.     Sacb,  indeed,  is  mj  conAdonoe  iu  ita  voluo  that  if 
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came  necessary  to  recommend  a  particutar  article  of  diet,  Iwcaitso  oat- 
meal, oil  account  of  its  larger  percnnta^  of  fat  and  mucin,  is  more  liable 
to  relax  the  bowels.  In  otiier  rospeots  the  chemical  composition  of  each  is 
so  nearly  the  same  that  it  would  be  iminatorial  whether  we  chose  one  or 
tiic  other.  Bui  there  is  no  danger  to  wiiich  little  cliildreu  are  su  liable  as 
that  which  arises  from  tliuir  tendency  to  dtarrhura.  My  advicv,  therefore, 
is  to  administer  barley  tu  children  who  manifest  a  tendency  to  diarrh^ra, 
and  oatmeal  to  thosH^  having  a  tendency  to  constipatiouj  and,  whenuvei'  a 
change  occurs  in  tbo  intestinal  functions,  to  give  one  or  the  other,  accord- 
ing as  constipation  or  diarrhtua  predominates.  Its  practical  importanco 
will  sanction  the  introduction  in  this  jilace  of  the  renuirk  that  tluirrhcea 
ttnd  milk-ditX  are  incomjHUihU^  and  that,  therefore,  when  barley  is  em- 
ployed on  account  of  the  presence  of  diarrhcca,  it  is  advisable  to  immedi- 
ately reduce  the  quantity  of  milk  prest^nt  in  thu  nourishment,  or  to  tem- 
porarily abstain  from  its  use  altog«,*thi*r.  In  such  a  case  iho  raw  white  of 
pgg  (with  or  witluiut  brundy)  may  take  the  place  of  the  niilk.  This  prac- 
tice has  carried  mc  through  many  dangers  during  the  laat  twenty  years, 
and  faaa  saved  the  life  of  many  a  child.  1  have  noted  with  pleasure  the 
■uccess  which  IT.  Demme  has  obtained  by  a  similar  practice  in  the  Child's 
HoHpital  of  Berne. 

I  will  here  add,  also,  another  remark.  In  my  "Infant  Diet*'  I  main- 
tained that  it  was  immaterial  whether  we  employed  the  ortlinary  commer- 
cial barley  or  the  smaller  grain  which  had  been  deprived  of  the  busks. 
This  was  a  mistake.  I  had  been  led  to  believe  that  the  protein  8ul)<st ances 
and  the  starch  were  uniformly  distributed  in  barley.  Their  relation  is, 
however,  the  same  as  that  observed  in  other  grains,  i.  e.,  the  much  larger 
part  of  the  glucon  is  necumulated  in,  antl  directly  undcnieatb,  the  super- 
ficial layers.  According  to  EnKingur's '  latest  investigations  and  plates, 
the  body  of  the  barleycorn  immediately  adjacent  to  its  covering  mem- 
brane is  composed  of  large,  irregular  cells,  which  contain  albuminoid 
substance  and  no  starch.  Toward  the  centre  are  found  larger,  irregularly 
quadrilateral  cells,  whicli  contain  albumen  and  a  largo  quantity  of  starch, 

I  were  restricted  to  the  use  of  any  one  article,  la  addition  to  milk,  for  brineing'  np  a 
child,  it  xhould  bo  tlUK."  If  bad  compauianB  would  lujuro  a  good  cause  I  sbnnld  not 
refer  to  tho  opinioD  of  Mrs.  Btunex,  who  inKistii  upon  tbo  use  of  farinaceoiiR  nrtiulea  be- 
oaoM,  sincu  the  food  of  man  and  Waxta  is  diflF<>ri'ut-,  milk  muitC  differ  in  nccordanos 
with  tbat  difference.  "Whea  this  idea  will  be  thoroughly  uudemtood,  aud  this  greab 
fact  of  natural  history  reoo^niized,  wo  w-tll  uudontuid  tho  advantage  of  a  cx>mbinatioa 
of  vegetable  HubslanccH  with  cow'ft  milk  um  the  moat  HuiUible  article  of  Infaot  diet." 

'  The  membraoe  covering  tbe  barlt-yconi  coiiHi.tt«  uf  nmulL  thick-walled  oella.  whose 
wnila  are  poor  in  wat4^r  nntt  imbilM;  it  nith  ditticnlty.  TbtH  imbibition  is  rendered  still 
U-BH  by  tbe  prcaeoce  of  fat.  The  yetlowiiih  color  is  due  to  tho  prcwmco  of  eictractive 
matters  Tbe  bunk  of  the  barleycorn  ia  adherent  to  the  basal  brittle  at  that  end  of  tba 
vam  at  which  the  root-seed  breaks  through,  Thn  briHtle  opens  into  the  centre  of  the 
barleyoom  by  proloD^Uons^  which  look  like  capillaries,  run  inward,  and  possess  great 
power  of  imbibition.  A  iMicond  covering  u  devoid  of  a  thickened  layer,  and  readily 
imbibes  water ;  it  lies  within  and  parallel  to  the  first  covering,  except  at  the  plaoa 
wbero  the  root-iecd  makes  iis  exit.  A  third  covering  ia  bent  inwardly  from  the  pre- 
ceding.— Lorenz  Kncingvr :  Die  Anatomie  dos  iicrstcnkomc*,  Leipzig,  187tf, 
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Moro  internally  arc  found  even  larger  cells,  which  aro  almost  entirely 
tilled  with  starch.  The  conclusion  to  be  drawn  from  this  arrauf^micnt  is, 
tberefore,  that  the  entire  barleycorn,  and  not  alone  its  inner  part,  must 
be  employed  as  an  article  of  diet.  The  prepared  coniinercial  barley, 
which  has  been  pre\*iousli'  made  ready  for  use,  is  churactr^rizcd  by  its 
fineness  and  whiteness.  But  these  qualities  are  suspicious  charade rist I c«; 
the  less  the  quantity  of  the  yellowish  glutinous  outer  layers  which  the 
barley  contains,  the  less  is  it  to  be  reconi mended.  The  prices  of  the  grain 
vary  in  such  a  manner  that  adulteration  by  refining  ]tays  very  well.  1 
would,  therefore,  recommend  that  the  borlcycon)  which  is  emplciyod  for 
infant  diet  should  be  ground  as  thoroughly  as  possible  in  &  coffee-mill,  both 
in  order  to  diminish  the  perlcKl  necessary  for  cooking  it,  and  also  in  order  to 
retain  the  gluten.  It  U  even  prtJ'crahUy  for  very  youn y  itif anUy  to  cook 
the  barley  icholefor  limtrs,  thereby  to  burst  the  outer  layers  of  cells,  empty 
their  contents,  and  then,  by  straining,  to  get  rid  of  the  larger  part  of  the 
starch  which  is  found  toward  the  centre.  The  next  best  method  consists 
in  cnishing  the  wliole  grains  of  barley,  and  not  to  employ  the  so-called 
pearl  barley,  which  is  barley  minus  husk.  At  a  more  advanced  period  of 
life  the  latter  preparation,  with  its  greater  amount  of  starch,  will  suRlce. 
The  addition  of  barley  or  oatmeal  to  properly  prepared  milk  presents 
ain  advantages  with  regard  to  the  amount  of  iiourishnient,  since,  if 
Molesohott  considers  the  ingestion  of  thirty-six  ounces  of  barley  as  suffi- 
cient for  an  adult  laboring  man,  the  addition  of  half  an  ounce,  or  one 
oance,  of  this  article  is  not  an  insignificant  amount  for  a  young  child. 
C.  Voit  has  recently  made  an  exhaustive  study'  of  the  nutritive  demands 
of  children  at  a  certain  age.  Semler  {ErnH/irunffHfiilauz  der  Schweiz^ 
p.  6)  found  that  the  proportions  of  the  nutritive  elements  in  the  food  of  chil- 
dren up  to  the  age  of  fifteen  years  were  such  that  there  were  79  grms.  of 
albumen  to  20  grms.  of  fat  and  HoO  grms.  of  hydrocarbons  (nitrogenized: 
non-nit rogenized  =  I  :  3.8).  For  children  from  tlio  ages  of  six  to  ten  years 
Hildcsheim  found  69  grms.  albumen,  :i;i  of  fat,  and  210  of  hydrocarbons 
(1  :  3.G).  Ill  the  Munich  Orphan  Asylum,  in  which  the  children,  who  aro 
subjected  to  both  bodily  and  mental  labor,  present  a  healthy  appear- 
ance, Voit  found  that  the  nutriment  contained  1W  grms.  albumen,  35 
grms.  fat,  liol  grins,  hydrocarbons  (I  :  3.0).  Finally,  he  has  carefully 
estimated  the  relation  which  exists  between  the  iiutrimcut  required  by  a 
ohild  and  by  an  adult  (working  and  resting). 

Albumen.  Fat.  llydrocaTbons. 

A  child,ipt.  10-11  yGars,a3kllogrm., requires.      79  35  251   =    1:3.9 

A  hiboring  man  of  GO  kilogrm.,  average 118  50  600  —  1  :  6.0 

*•               "             "         at  work 137  173  352  =  1:4.7 

AVhtle  resting,  the  proportions  aro  as  follows  : 

Albumeu.  Fat>  Ilyilrooarboas. 

1,000  kilogrm.  child 343  ih'i,         1,091 

adult *J28  120  fttiii 

■  Ueberd  Kimt  in  uffeotl.  Aiutaltea.     Zeitaohr.  f.  Biol.,  XII,,  I.,  1870. 
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We  tliorpfure  find  that,  in  tlio  child,  given  weights  of  tis»uo  which  mu^ 
CATTY  on  the  nutritive  processes,  and,  at  the  same  time,  appropriate  alHii- 
men,  fat,  and  »alts,  require  a  larger  amount  of  albumen,  fat,  and  hydrocar- 
bona  than  the  same  weights  in  the  adult  when  in  a  similar  condition  of 
reBt.  50  per  cent,  more  of  albumen,  25  more  of  fat,  and  100  more  of  hydro- 
carbon, are  ro(iuired  than  by  the  adult.  But  they  must  not  be  merely 
administered  to  the  child;  they  must  also  be  given  in  an  easily  digested 
form.  Ill  \ory  young  infants  they  should  bo  given  in  the  same  or  similax 
<M)ndition  in  which  they  are  found  in  the  milk  of  the  human  fciuftle,  in 
which  thv  proportion  of  nitrogeniKed  to  non-nitrogenixcd  ingredients  is  as 
1 :  2.7.  We  should  not  deviate  loo  far  from  these  proportions.  J.  Forsler 
has  given  the  following  table  : 


Aqk. 

Diet 

Alba- 
metL 

Pat. 

Hydro- 
carbons. 

Proportion. 

P4p. 

Swiss  milk. 
Mixed. 

20 

3G 

19 

18 
27 

130 

98 

150 

l:fi^ 

1  :6.l 

1  :5.4 

I 


The  largo  proportion  of  1  ;  G.l  is  undoubtedly  attributable  to  the  large 
quantity  of  sugar  which  "Swiss  milk**  contains.  To  what  extent  this 
sugar  is  useful,  immaterial,  or  injurious,  has  been  previously  referred  to. 
It  can  easily  be  shown  that,  under  certain  circumstunces,  it  ntay  be  useful, 
that  occasionally  it  is  injurious,  and  that  it  is  rarely  an  indifferent  sub- 
stance. It  is  too  soluble  and  changeable,  and  too,  readily  absorbed,  to  be 
an  indifferent  article.  It  difTcrs  greatly  in  this  respect  from  a  small  qaaa- 
tity  of  starch  which  nmy  ]>ahs  harmtcs.^ly  through  the  intestines. 

In  connection  with  this  subject,  and  with  farinaceous  foods,  or  admix- 
tures to  infant  foo<I,  I  shall  refer  to  a  fer.*  substances  the  nature  and  effect 
of  which  have  long  been  doubtful,  but  which  have  boon  more  or  less  used 
among  infants  and  children  as  food,  or  as  an  addition  to  food. 

Gum-anibic. 

Frerirhs,  f^hmatin,  and  Husemaiin  do  not  admit  that  any  change  oc- 
curs in  gum-arabic  in  the  human  body.  Goru])-Besanez  believes  in  its 
«(»iubility,  but  not  in  its  digestibility;  hence,  if  gum-arabic  is  an  important 
aid  in  digestion,  it  is  for  one  reason  only,  namely,  that  it  acts  mechani- 
<mUy,  and  renders  the  coagulation  of  milk  less  dense.  Of  Intc,  however, 
UffdnMUW  has  made  some  experiments  with  a  solution  of  gum-arabio  of 
ik»  strength  of  eiyhUen  parts  of  the  gum  to  two  kumlred  of  water.  His 
«ap*niapnts  were  made  upon  n  boy  upon  whom  gastrotomy  bad  been 
|Mtfcnae<l,  thus  affording  ijpp<irtunity  fur  making  direct  observations. 
Wlwci  hr  introiluccd  this  solution  into  the  boy's  stomach,  he  found  grape- 
«fl«taome  time,  no  saliva  being  present.    The  same  transformation 
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has  been  observed  in  the  Munich  laboratory.    The  cxpcrimontx  wtiru  pub- 
lished in  the  Jour.f.  Jiiol,,  Vol.  X.,  p.  .'j'J,  1874, 

Fifteen  granimos  of  the  above  solution  yiflded  jire  centigrammes  of 
grape-sugar  after  forty-Hve  minutes;  thirty  grammes  gave  tiocntj/'etff/U 
centigrammes  after  sixty  minutfis.  The  Ittjuid  taken  from  the  Htomach  in 
the  latter  case  was  very  actd  indeed.  It  mutterH  nut  whtttlier  this  acid 
waa  inside  of  the  titomach  previously,  or  was  developed  during  the  pres- 
ence of  the  gum-arabio  solution;  in  both  instances  it  Appears  that  the 
development  of  muriatic  acid  and  the  transformation  into  grape-sugar  go  ' 
hand  in  hand.  Tt  is  possible,  then,  tliat  it  will  be  found  jiructical,  in 
those  cases  in  which  the  object  is  not  simply  to  mix  milk  with  gum-arabic, 
but  also  to  derive  benefit  from  the  digestion  uf  the  gum>  to  add  a  small 
quantity  of  muriatic  acid. 
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Gelatine,  iit  the  opinion  of  many,  when  combined  with  milk  fulfils  two 
indication};.  The  one  is  the  same  as  that  obtained  by  the  glutinous  con* 
dition  and  effect  of  gum-arabic  and  farinaceous  articlea;  the  other  ia 
found  in  its  uisefulness  as  a  tissue-building  material.  Guerard  quotes  Jean 
deLerv,  who  speaks  as  follows:  '*  Ayant  cxpurimento  que  cchi  [skins,  par- 
chemin)  vaut  au  besuin,  tant  que  j'aurais  dns  roltets  de  budlf's,  habits  de 
chamois,  et  telles  choscs  oh  il  y  a  sue  et  humidite,  si  j'estoia  enferm^dans 
une  place  pour  uno  bonne  cause,  jo  ne  me  voudrois  pas  rendru  pour 
orainte  de  la  famine."  Papin  is  reported  to  have  made  the  ofTer  to  Cliurlea 
II.  of  Kngland  to  furnish  for  t lie  use  of  poor-houses  and  liuspitals '*  un 
quintal  et  tlemi  do  gelce"  with  "omto  livres  de  charbon."  J'his  offer  was 
refused  because  a  dog  was  paraded  before  Charles  wearing  a  sign-board 
containing  said  dog*a  request  not  to  be  deprived  of  his  mess  of  bones. 

The  French  Academy  of  Medicine  has  taken  great  pains  to  discover  the 
properties  of  gelatine.  After  Mageridie  in  1H4H,  \'rolik  in  184-1,  Burord 
in  1850,  and  Kdwards  and  Balzac,  had  published  their  reports  upon  the 
»idiject,  Gucrard  comes  to  the  following  conclusions:  1.  That  gelatino  i» 
very  nutritious;  %,  That  very  probably  it  Is  of  great  importance  in  the 
process  of  building  up  cellular  tissue,  therefore  absolutely  necessary  for 
the  preservation  of  life.  Frerichs,  Metzger  and  do  Bary,  Schroeder, 
Kuebne,  and  Etzingcr,  found  that  gastric  juice  changes  gelatine  in  such 
a  manner  that  it  loses  the  property  of  gelatinizing.  This  e6fect  was  not 
produced  when  it  was  treated  only  with  muriatic  acid.  On  the  other 
hand,  Imthuni  also  attributes  the  effect  to  the  influence  of  muriatic  acid. 
U  IB  true  that  Melssner  and  Kirchner  have  entirely  denied  the  change- 
ability of  gelatine  by  means  of  gastric  juice.  But  Gorup-Besancz  is  of 
the  opinion  that  gelatine  is  peptonized  in  a  similar  manner  with  the 
albuminates.  It  seems  that  UfTelmann  has  also  finally  settled  this  ques- 
tion. Me  found,  in  the  gastrotomized  hoy,Jirst,  tliat  while  feverish,  and 
Again  without  fever,  the  gelatine  was  speedily  dissolved  in  the  gastric 
juice.     It  was  so  modified  at  the  end  of  one  hour  that  it  would  no  longer 
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or>ttf;;ut»t4.%  and  was  eusily  difTuBcd.  To  produce  thu  diange  by  moaiu  ot 
aKiliutal  gastric  jiiieo,  ho  found  that  from  LMghteen  to  tm-nnty-fotir  houn 
were  neceasary,  and  in  both  instances  there  was  no  offensive  odor.  When 
the  experiment  wji»  [lerrorini^d  inside  nf  the  stomach,  lie  ocrasionally  oh- 
served  the  prcscnco  of  grape-sugar.  AVhen  that  occurred  the  temperature 
of  the  body  was  elevated.  No  grapc-sugiir  was  over  found  when  the  gela- 
tine was  exposed  to  the  action  of  artilicial  gastric  juice.  Gelatine  digestctl 
in  gaxtric  juice  n-tiiins  its  eissential  rhi^inirul  pro{H*rticK.  It  resehibles  pep- 
'  tone  inasmuch  aa  it  la  not  precipitated  by  aelds,  and  polarization  results 
in  turning  to  the  left.  It  differs  from  peptone  inasmuch  as  its  diffuai- 
faility  is  loss,  and,  when  dissolved  in  acetic  ueid,  it  can  be  precipitated  by 
lernK^yuniilc  of  potassium.  It  is  so  much  like  peptone  that  its  digestibility 
can  liardly  be  doubled,  not  to  speak  of  the  direct  obsers'ations  made  by 
UlTclmaiin.  There  is  one  point,  however,  not  to  be  lost  sight  of,  and  that 
is  lliut  it  is  aj»t  to  putrefy,  and  therefore  requires  the  addition  of  a  small 
quantity  of  niurlalic  acid.  The  latter  {toint  is  of  great  practical  impor- 
tance ;  for,  in  acute  diseases,  in  slow  convalescence,  in  aniemis,  the  secre- 
tion nf  pepsiiie  and  muriatic  aeid  is  vcrj-  much  limited.  For  that  re* 
son  muriatic  acid  should  be  added  whenever  gelatine  Is  given. 


Infant  Fhodit  nffertd  for  Sale, 

The  attempts  to  prepiire  infant  foods  by  the  wholesale,  to  have  them 
ready  at  any  nKunent,  for  the  purpose  of  either  benefiting  the  young  infant 
or  the  manufacturer,  have  been  very  numerous  indeed.  If  I  give  promi- 
nence to  a  single  one,  I  do  so  only  for  the  purpose  of  making  some 
general  remarks  on  that  industry,  by  selecting  the  one  which  appears  to 
command  the  largest  sale  in  the  United  States.  Not  that  I  believe  it  to 
be  more  objectionable  than  the  rest,  but  because  it  is  impossible,  and 
useless,  to  611  these  pages  with  the  names  and  titles  of  patent  articles. 

Of  all  the  number  of  '^  infant  foods,"  but  a  single  one  bears  the  stamp 
of  a  scientific  name  or  oVjject.  When  Liebig  prepared  his  food,  ho  did 
iiot  puck  it  up  in  parcels  with  descriptive  lists  and  trade-marks,  but  he 
published  his  formula.  I  have  therefore  felt  justiHed  in  considering  it  in 
my  *' Infant  Diet." 

InUstinal  Dtffeslion. 

The  intestines  receive  all  the  cellulose,  all  of  the  starch  that  is  not 
transformed  into  sugar,  all  the  jiarapoptones  and  dys^jeptones  from  pro- 
tein substMiices  (particularly  the  e^Lsein  of  the  milk),  all  of  the  butter, 
and  some  of  thu  salts.  Some  of  these  niatttrials  are  simply  absorbed,  some 
are  digested,  and  some,  either  changed  or  unchanged,  are  again  discharged. 
One  portion  of  the  intestines  does  not  digest;  it  mrrely  absorbs  water 
and  soluble  substa,nce5.  This  is  the  large  intestine.  M'hatever  albumen 
or  sugar  it  takes  up  is  directly  excreted  again  by  the  kidneys.  Hence, 
when  injections  arc  given  by  the  rectutn  for  the  purpose  of  supplying 
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nutriment  to  tlic  \iody,  tho  suj^ar  and  starch  shoiiUl  first  be  chungttd  into 
glucose,  ilic  milk  into  jurptonr,  and  tho  fats  into  an  rmuUion. 

The  structure  aii*i  functions  of  ttie  infant's  int<>stinea  present  nuiner> 
ous  variations  from  tliuse  of  tho  advilt.  The  glands  of  JLieberklUm  are 
jtrescnt,  but  fewer  in  number  and  loss  J<^veloped.  Tho  aubniaxillary 
gland  and  alsr>  the  pancreas  afford  us  ('XHni))les  of  tho  fact  that  organs 
may  exist  long  liefore  they  are  capable  of  fully  exercising  their  functions. 
The  villi  oftlie  ititcHtincs  ari>geiierjil1v  nbtindatit  arirl  large;  it  iHsaid,  even, 
thai  they  auqiaaa  in  si/.o  tho  corresponding  structures  in  tho  adult  (iicrg). 
According  to  the  sunic  authority)  the  ca])illurie.s  also  should  bo  larger 
(not  relatively  only,  but  absolutely)  than  iu  the  adult.  Certainly,  Peyer*8 
glands  arc  not  numerous,  and  they  are  but  slightly  devetoi)ed.  This  in- 
significant anatomical  development  answers,  indeed,  to  their  physiological, 
and  surely  also  to  their  pathological  inipnrtance;  for  that  important  form 
of  disease,  of  which  the  affection  of  Peyer*8  glands  is  a  specially  marked 
feature,  is  exceedingly  rare  at  an  early  period  of  life,  and,  when  it  occurs, 
ia  of  a  very  mild  character.  Abdominal  typhus  in  tho  new-born  infant  ia 
almost  unknown.  I  have  seen  but  a  single  case  myself,  and  scarcely  half 
a  dozen  well-authenticated  cases  occur  throughout  tlic  entire  periodical 
literature.  In  the  later  years,  from  tho  third  year  on,  typhoid  fever  is 
common  enough,  but  usually  runs  a  mild  course  For  the  present,  this  is 
all  that  need  he  said  of  tho  intestinal  glands,  for  the  glands  of  tho  Inrgo 
intestines  have  no  other  function  than  to  secrete  mucus.  The  musculnr 
development  of  the  intestines  is  feeble.  Tho  intestinal  canal,  from  the 
stomach  (which  is  first  called  into  play  when  fdled  with  air  at  the  first 
efforts  of  the  new-born  child  to  swallow)  to  tho  anus,  is  not  awakened  to 
sufficient  ar.tivity  during  foetal  life  to  develop  its  nmscular  system.  Ac- 
eordiiig  to  Zweifel,  the  occupation  of  the  intestines  with  meconium  takes 
place  by  slow  successive  stages.  In  a  foetus  of  three  months,  both  iloiun 
and  ciecum  are  quite  empty.  At  four  months,  the  intestines  tiro  lillcd  up 
to  within  2  ctms.  of  the  caecum.  In  the  fifth  month,  a  few  lumps  are  found 
in  the  colon.  The  imperfect  development  of  the  intestines  gives  rise  to 
a  variety  of  consequences.  Gases  develop  abundantly,  are  very  often 
neither  absorbed  nor  discharged,  and  thus  produce  coHc.  Moreover,  by 
reason  of  its  feeble  development,  the  muscular  apparatus  of  the  intestines 
ia  fref|uently  the  region  where  tho  first  aj-inptoms  of  general  disease  mani- 
fest themselves.  Khachitis  vory  often  shows  itself  in  the  muscular  layer 
of  the  intestines  earlier  than  anywhere  else,  and,  when  beginning  there, 
runs  a  very  protracted  course.  Occasionally,  too,  the  tendency  to  obsti- 
nate constipation  may  bo  explained  by  this  same  muscular  weakness. 
This  affection  may  also  be  owing  to  other  peculiarities  in  the  infantile 
intestines.  There  is  a  vast  <lifTcrenco  in  length,  relatively,  botweeu  the 
intestines  of  tho  infant  at  birth  and  those  of  tho  adult. 

It  is  well  known  that  the  int«8tina1  ofuial  Is  developed  in  the  embiyo  t=  scparaie. 
■ectioiu.  Until  the  fourth  or  fiflh  month  tttere  i:i  no  ooloa  ;.icendeDB  and  ic  <m  «>ttl] 
ahort  ftren  at  thn  cbild'a  birth.  Notwitbstauclio^f  this  the  latxe  mtc«tluo  ot  the  fcettu 
at  birth  lb  ovtnporativeljr  longer  than  that  of  the  adult    While  in  the  iufoat  it  is  Lilwoorb 
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nearly  three  times  the  length  of  the  entire  bodj,  in  the  ailalt  it  w  but  twioe  the  leogtb 
of  the  body.  KqoalJy  threat  ia  the  di^proportioQ  in  tength  between  the  ^mal!  iAtuttaet 
of  the  aAalt  and  those  of  the  yoang  child.  In  the  ninth  month  of  foetal  life  the  unall 
iutestioe  is  twelve  times  as  loDg  as  the  leoj^th  of  the  body  (Meckel),  while  in  the  adBll 
it  it  only  cisht  ttiuca  as  long.  Inasmuch  as  the  ccdcm  aaoendeiui  it  very  short,  and  the 
inuisvenntm  also  not  long,  the  priaotpal  part  of  the  excessive  length  falls  apoo  tb« 
Higmoid  tlcxure,  which  Brandt  found  to  bt*  once  only  8  ctms.,  to  be  sore,  though  onc« 
it  WW 24  ctmiL,  baton  an  Bvurogu  from  14  to  ^0  ctms.  in  length.  I  baTo  mywlf  aeen 
it  u  much  as  '-in  otrait.  long.  The  great  lungth  of  the  lower  port  of  the  large  inteetine 
gires  rise  to  a  number  of  convolatioua,  loHtead  of  the  tdinplo  sigmoid  ourre,  and  this 
may  beoomo  of  great  signiflcauce.  Concerning  the  position  of  this  portion  of  the  in- 
Lestines,  different  opiiiionH  have  been  expreaaed.  CruvtiiJhier  and  Sappcy  regarded  the 
location  of  the  aii^muld  di>xure  on  the  right  side  as  anomalous.  Uagnler  declares 
that  In  the  groat  majority  of  cas^g  the  sigmoid  flexure  is  found  in  th<;  right  iUao  fosio. 
Bourcart  tttatos  that  the  transverM  position  of  the  colon  desoendena  in  the  child  at 
birth  is  exceptional  (1  in  5);  that  in  one  coso  In  aLx  the  sigmoid  flexnre  lies  behind 
the  abdominal  wall  on  the  right  side ;  that  in  13U  cades  he  found  it  144  times  lying  in 
the  left  iliac  foMta,  and  that  in  fnnr  per  cent,  of  the  coses  (be  ngmoid  flexure  did  ni* 
tonob  the  abdominal  wall  either  on  tfao  right  side  or  the  left,  but  neTerthcleas  was 
nearer  the  left  side  than  the  right.  Ajraio.  Freund  IxUeres  that  in  the  first  year  the 
flexure  paaaca  orer  to  Che  left  aide,  and  that  prior  to  thia  time  the  rectum,  pAsaing  op 
along  the  median  line  of  the  sacrum,  turns  to  the  right.  Hy  own  oboervrnttoos  have 
taught  ine  to  look  for  the  ^or  one)  aigmoid  tlcxure  in  the  right  side  of  inXants. 


Cutter  of  Comtipatiort, 

Naturally  th^g^nmt  length  of  the  largo  intestine  and  ih^  manifold  char- 
acter of  its  convolutions  have  a  very  imporlunt  bearing*  upon  ita  function. 
First  of  all,  they  delay  the  progress  of  the  iittestinal  contents,  facilitate 
the  absorption  of  fluids,  and  render  the  atools  dryer  and  harder.  Obsti- 
nate constipation  is  but  an  exaggeration  of  this  state  of  things,  and  some* 
times  is  extremely  troublesome.  A  number  of  years  ago  I  reported '  a 
case  in  whicli  the  prolongation  of  the  colon  descendeiis  was  so  great  tltat 
the  diagnosis  of  iuiperfurHlion  of  the  intestines  was  idhxIp.  In  one  case 
an  operation  was  even  unJertaken  to  form  an  artificial  anus.  Though 
such  cases  and  such  mistakes  are  exceedingly  unconmion,  it  must  be  ad- 
mitted that  there  are  certain  anatomical  conditions  which  by  this  mere 
exaggeration  may  become  of  serious  pathological  importance. 

In  this  connection  may  be  mentioned  the  cases  ilescribod  by  Barth 
and  Eiaenschitz,  where  the  relations  of  the  abdominal  organs,  though  nor- 
mal, were  in  certain  respocta  bo  exaggerated  as  to  occasion  impaction  of 
fieccs.  In  both  cases  obstinate  constipation  wa«  produced  by  the  false 
position  of  the  intestines,  owing  to  u  too  long  mesocolon.  This  is  not  the 
place  to  go  into  all  of  the  different  canse.Hof  constipation  in  infantile  life, 
which  are  due  to  true  pathological  conditions,  and  which  are  described  in 
the  text-ljooks.  They  were  made  the  subject  of  an  exhaustive  treatise  bjr_ 
.Monti  some  years  ago.  It  is,  therefore,  not  proper  to  speak  here  of  sue 
cases  of  constipation  as  depend  upon  intestinal  diseases,  or  the  use 
astringents  and  opium  ;  at  the  moat  we  might  refer  to  those  which  are  du9^ 
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(o  inii&cular  weakness  imluced  by  rhachitia  or  jB"t?neral  debility.  Hero  we 
are  concerned  only  with  the  cases  of  constipation  which  are  dependent 
upon  defective  natricion  or  inappropriate  food.  Under  the  latter  may  be 
classed  an  excess  of  starch  in  llit-  food,  excess  of  casein  in  the  milk,  and 
above  all,  the  deficiency  of  sugar.  Insufficient  nourishment  naturally  gives 
rise  to  an  apparent  constipation,  but  may  always  be  diagnosticated  when, 
in  conuectiun  with  scanty  stools  which  contain  little  or  uo  casein^  thero 
u  a  marked  general  utrophy  of  the  child's  entire  body. 

JJi«tetic  Cure  for  Catistipatiofi, 

That  form  of  constipation  which  is  owing  to  an  excess  of  starch  in  the 
food  will  be  readily  overcome  by  simply  withdrawing  the  starch  ;  the 
form  that  is  accompanied  with  an  excess  of  casein  in  tho  composition  of 
the  fieces  will  be  removed  by  boiling  the  milk  and  mixing  it  freely  with 
some  fonn  of  gruel,  in  the  manner  alreatly  explained  in  anotlier  plac«;  the 
form  that  depends  upon  a  deficiency  of  sugar  may  be  easily  cured  by  sup- 
plying plenty  of  sugar  to  the  foo<L  By  this  lust-named  racasuro  alone, 
not  unfrequently,  have  I  seen  long  protracted  constipation  cured,  both  in 
cases  where  the  food  had  consisted  simply  of  the  breast-tuilk,  and  also  in 
those  fed  with  cow's  milk,  either  alone  or  in  the  various  mixtureti.  In  the 
Utter  case  wo  should  simply  odd  a  larger  quantity  of  sugar  to  tho  mix- 
ture; in  the  former,  a  lump  of  sugar  is  dissolved  in  warm  water,  and  just 
before  the  child  is  given  the  breast  it  is  made  to  drink  one  or  two  tca- 

anfuls  of  the  concentrated  sugar  solution. 

The  feebleness  of  the  intestinal  muscular  system  may  give  nsc  to  other 
disturbances.  The  diarrhoeas,  which  are  so  common,  are  occasionally  due 
to  this  cause.  Furthermore,  passive  secretions  take  place  more  easily 
where  the  abundant  capillary  system  is  not  controlled  by  muscular  con- 
traction ;  and  when  tho  muscular  layer  is  thin,  it  offers  less  resistance  to 
the  passage  of  the  secretions,  and  becomes  (Edematous. 

la  this  connection,  also,  should  be  mentioned  the  great  irritability  of 
thp  norvous  system  in  the  infant.  The  paralysis  of  the  terminal  iierve- 
tilsmentA  in  the  intestines  in  consequence  of  heat,  their  irritation  through 
local  disturbing  influences,  and  the  rapidity  with  which  alarming  reflex 
manifestations  occur,  remain  to  be  discussed  in  another  place, 

Tho  secretion  of  mucus  is  very  copious;  it  ferments  and  becomes  sour 
very  readily.  The  alkaline  intestinal  juices  and  llie  alkaline  secretions  nf 
the  liver  and  pancreas  arc  easily  neutralized,  and,  in  consequence  of  their 
decomposition,  the  matters  which  should  be  digested  become  so  much 
additional  material  for  the  production  of  acids. 


Mode  of  Oioing  the  Fhod. 

How  should  the  infant  be  fed  ?  From  the  spoon,  from  the  cup,  or 
from  the  nursing-bottle  'i  By  all  means  from  the  bottle.  In  this  way  alone 
ran  we  be  sure  of  having  the  food  of  proper  consistency,  without  any 
Vol..  I— 9 
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lumpy  ingredients.  By  thoroughly  mixing  and  diluting  the  food  wc  suj>- 
ply  in  jmrt  the  ]ilnce  of  mastication  in  the  adult.  Dy  no  means  should  wd 
yield  tu  the  notion  so  prevalent  among  nuraes  and  mothers,  that  thi;  food 
must  be  thick  to  be  nourishing.  13ut«  above  all,  it  is  uecessary  to  its  proper 
digestion  that  the  food  be  introduced  into  the  stomach  slowly  and  in  small 
qiianCitioH.  Tlie  secretion  of  the  gastric  juice  taking  plaeo  a  little  at  a 
time  demands  that  the  stomach  be  filled  slowly  and  gradually.  Kven  with 
adults  it  is  ft  matter  of  common  oxpurience  that,  when  milk  is  taken  as  a 
drink,  it  is  apt  to  disagree  ;  but,  if  swallowed  more  slowly,  a.  tablespoon- 
ful  at  a  time,  like  soup,  it  is  digested  without  difficulty.  Moreover,  the  art 
of  sucking  tentls  of  itself  to  excite  [peristaltic  action  and  the  secretion  of 
the  digestive  fluids  (Spallanzani,  Brown -Sequard).  The  digestive  traot  is 
a  continuous  canal.  The  sucking  movements  call  into  play  the  action  of 
the  salivary  glands  and  awaken  the  various  other  functions  of  digestion- 
Twenty  years  ago,  when  Th.  Ballard  sought  to  prove  that  nearly  all  chil- 
dren's ailments  and  a  largo  proportion  of  the  diseases  of  women  were  the 
consequences  of  fruitless  attempts  at  nursing  ('*  fruitless  sucking  "),  his 
extravagant  assertions  were  naturally  ridiculed.  But  he  certainly  reasoned 
from  a  physiological  standpoint,  which  liad  a  basis  in  clinical  truth. 

The  grcati*st  care  should  l>e  oxorcisod  of  course  in  the  management 
and  cleaning  of  the  nursing-bottles.  The  artiBcial  food,  more  particuUrly 
the  milk,  is  liable  to  become  decomposed  even  before  it  is  ready  for  use. 
When  any  of  the  food  is  permitted  to  remain  in  the  bottle  or  upon  the 
mouth-piece,  especially  if  the  Utter  be  of  rubber,  it  ferments  very  quickly, 
and  may  thus  become  a  souroe  of  danger.  Further  than  this,  the  kind  of 
bottle  used  is  perhaps  a  matter  of  indifference.  If  the  people  are  cleanly 
in  their  habits,  the  more  complicated  bottles  will  be  kept  clean;  while  if 
they  arc  not,  the  aimplost  of  them  will  be  neglected.  Those  bottles  that 
have  a  rubber  lube  from  IG  to  20  ctniii.  in  length,  with  the  mouth-piece  at 
the  end,  are  especially  convenient.  The  rubber  tube  connects  with  a 
glass  tube  in  the  bottle,  which  reaches  nearly  to  the  lx>ttom. 

Daily  experience  shows  that  now-born  babies  find  little  or  no  difficulty 
lu  sucking.  Those  who  are  not  able  to  nurse  owe  this  incapacity  to 
cither  muscular  debility  or  to  some  other  anomaly.  Muscular  debility 
may  depend  upon  premature  birth,  or  result  from  sickness  and  insuHicient 
convalescence. 

Another  cause  of  inability  to  nurse  may  exist  in  dyspnma,  from  either 
insufficient  expansion  of  the  pulmonary  tissue,  or  from  congenital  or  ac- 
quired iliseaso  of  the  huigs,  or  from  heart  disease. 

Inability  to  nurse  may  also  depend  u{>on  malformations;  not  so  muoli 
upon  simple,  uncomplicated  hare-lip  as  upon  double  hare-lip,  complicated 
with  fissure  of  the  palate.  It  very  rarely  depends  upon  anohyloglosson, 
though  now  and  thtm  it  may  be  liue  to  hypertrophy  of  the  tongue,  or  to 
ranula.  In  rare  cases  it  also  depends  upon  psmiduplasins  of  the  tongue, 
I  have  myself  described  a  case  of  congenital  sarcoma  of  the  tongue,  in 
the  American  Journal  of  Obstetrics,  etc.,  August,  1869. 

Nursing  may  also  be  interfered  with  by  cither  simple  or  syphilitic 
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nasal  cutarrli,  g'lving  riHO  to  an  accumulation  of  mucuK,  or  blood,  or  more 
thickening'  of  the  mucous  mombrano ;  also  by  diiTcrt-nt  forms  of  stoma* 
Ltitis — not  only  the  thrusli  of  ihft  now-bom  and  very  young  infant,  but  also 
rthe  erythematous  and  follicular  stomatitis  of  the  infant  of  more  ad- 
vanned  age.  To  relieve  children  suffering  from  this  difficulty  of  sucking, 
a  nursing-bottle  has  boon  invented  in  France,  and  brought  into  the  mar- 
ket under  the  name  of  "  Biberon  Pompc."  I  first  gave  publicity  to  this 
instrument  on  page  413  of  the  first  volume  of  Gerhardt's  Uatulhuch  dtY 
Kinderkratikheit^i^  1877,  where  I  reported  that  a  specimen  of  the  appara- 
tus has  been  presented  to  me  by  Dr.  O.  Soltmann,  of  Brcslau.  Since  that 
time  Dr.  Soltmann  has  modified  the  instrumiMit  to  a  certain  extent, 
and  published  an  account  of  it  in  an  article  entitled  '*  On  the  Nutrition 
of  Sick  Nurslings  by  Means  of  a  New  Nursing- Bottle,"  JahrbUcher  fOr 
KinfitrkrankheUeH^  etc.,  Vol.  XII.,  1878,  p.  406.  The  accompanying 
woodcut  shows  that  a  glass  tube  inside  the  bottle  carries  a  sui&U  soft-rubber 


A,  air-hole ;  B,  moalii-pi«cf,  C,  Axpandcd  part  of  ■nokiiig  tub* ;  D,  fonnal  Talr& 


funnel,  which  is  changed  into  a  valve  by  means  of  an  oblique  cut  through 
one-half  of  its  body.  Simple  pres.sure  upon  the  mouthpiece,  either  by  the 
lips  or  by  the  alveolar  processes,  or  by  the  fingers,  is  sufficient  to  cause 
the  liquid  to  escape  from  the  hottle.  In  eases  in  which  the  baby  is  not 
able  to  exert  even  this  pressure,  the  slightest  pressure  upon  the  bulbous 
expansion  of  the  lube,  on  the  part  of  the  attendant,  is  sulBcienl  to  propel 
the  liquid  food  into  the  mouth  of  the  child.  The  apparatus  is  to  be  rec- 
ommended in  just  such  cases  as  those  enumerated  above,  not  only  upon 
theoretical  grounds,  but  from  results  derived  from  actual  trial.  Aboul  a 
year  and  a  half  ago,  when  I  6rst  exhibited  the  instrument  before  the 
Now  York  Obstetrical  Society,  I  had  occasion  to  direct  the  manHgomont 
of  a  prematurely-born  cliild  with  insufficient  muscular  development;  and 
the  infant  was  fed  for  months  from  this  V>ottle,  and  thrived  well. 

In  a  case  of  spinal  meningitis,  occurring  in  an  infant,  and  rendering 
it  unable  to  suck,  this  bottle  was  used  successfully,  and  the  same  can  ho 
said  with  reference  to  a  serious  case  of  follicular  stomatitis,  in  which 
nursing  wa«  an  impossibility.' 
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Summary, — After  what  liaa  alj^&dy  been  said,  it  would  be  superfluous 
to  go  into  a  critical  review  of  tlie  copious  literature  of  the  subject. 
AVritera  have  not  always  taken  the  trouble  to  support  their  aiKtertioiis  or 
theories  with  physiological  or  chemical  facts.  This  is  true  not  only  of 
those  authors  who  have  addressed  themselves  to  the  public  at  large^  but 
of  writers  wiiose  works,  it  is  presumed,  will  be  read  by  physicians.  The 
aunie  directions  concerning  the  diet  and  inaiiagemunt  of  the  child  have 
been  iianded  down  from  one  writer  to  another.  They  are  just  the  sarae^ 
whether  the  writer  be  old  Mctlinger  himself,  or  Cadog-an,  or  those  modem 
authors  who  write  for  mothers  and  for  '^such  as  are  to  be."  Not  much 
more  can  be  said  of  those  efforts  that  have  been  made  to  instruct  the  ^n- 
eral  public  concerntng'  the  management  of  children.  Among  the  beat 
of  this  kind  are  the  rules  issued,  five  years  a^,  by  the  Obstetrical  Society 
of  Philadelphia.  These  rules  embraced  thorough  and  judicious  a<lvice 
about  washing  and  warm  bathing,  avoiding  too  tight  bands  and  articles  of 
clothing,  drying  the  linen  outside  the  room  occupied  by  the  child,  main- 
taining good  ventilation,  avoiding  the  danger  of  nursing  the  child  while 
sleeping,  and  about  alcoholic  drinks,  narcotics,  etc,,  eta  But  when  it  came 
to  the  question  of  food,  it  was  quite  another  thing.  Goat's  milk  was  de- 
clared to  be  the  best  food  for  infants;  uoxt  to  it  came  oow's  milk.  If  the 
child  thrives,  the  rule  laid  down  is,  that  during  the  hot  weather  no  other 
nourishment  than  milk  shall  be  allowed;  and  again,  nothing  shall  be  substi- 
tuted for  the  milk  until  after  the  incisor-teeth  have  come.  Under  no  cir- 
cumstance!) is  I  he  milk  to  be  skimmed.  If,  however,  as  one  remarkable 
rule  puts  it,  milk  cannot  be  digested  in  any  form,  then,  instead,  pure 
cream,  diluted  with  three  or  four  parts  water,  shall  bo  given  for  a  few 
days.  The  fallacy  of  these  rules  will  b(>  apparent  at  once  to  such  as  have 
t>een  led  to  adopt  the  views  which  I  have  already  set  forth  with  regard  lo 
goat's  and  cow's  milk.  At  all  events,  the  rule  that  nothing  shall  be  used 
in  the  place  of  milk  until  the  incisor*toeth  have  appeared  is  decidedly'  open 
10  objection.  Cases  of  advanced  rhachitis,  for  example,  which  have  drvel- 
upct-l  during  an  exclusive  milk  diet,  can  be  cured  o/)li/  by  an  absolute 
change  of  food.  Again,  the  delayed  ajjpearance  of  the  tooth  would  aS'ord 
a  contraindication  to  the  exclusive  use  of  milk,  but  not  an  indication  for 
its  continuiince,  as  the  Philadelphia  rules  would  command.  The  rule,  that 
during  hot  weather  no  other  nourishment  than  milk  shall  be  given,  is  a 
positively  pernicious  one  The  prefixed  clause,  "if  the  child  thrives," 
tlooB  not  materially  modify  it.  During  the  hot  weather  no  food  is  more 
dangerous  than  unmixed  cow's  or  goat^s  milk.  In  most  of  the  cases  of 
Hummer  diarrha^a,  diminishing  the  amount  of  milk  in  the  child's  food, 
ucoosionally  even  stopping  it  altogether,  is  the  conditio  sine  qud  no/i  of 
ihe  infant's  recovery.  Moreover,  the  paragraph  where  it  says  that  when 
lht>  uiilk  is  not  digested,  cream  shall  be  used  instead,  is  equally  objection- 
able.  When  the  milk  is  not  digested,  it  is  <lue  to  the  excess  of  caseiu 
and  (at  wlii<*li  it  contains,  and  to  the  influence  of  the  lieat,  etc.  To  think 
t\|  »,\v*h«it(ti»g  milk,  with  its  ingredients  in  their  natural  proportions,  for 
MMkv<<«VAni»  ia  surely  irrational.     In  justice,  however,  J  iihould  add,  that 
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in  a  oonrersation  with  one  of  the  sig'ners  of  the  Philadelphiu  rules,  the 
lati*  Dr.  John  Parry,  that  gi'titlcniati  stated  in  i-xplanatiui]  that  hi.s  signn* 
turi!  had  bcfin  given  too  ha-ntily,  arid  ho  was  unwilling  that  he  should  be 
held  forever  committed  to  some  of  tho  points  which  the  rules  laid  down. 

After  all,  I  again  Insist  upon  the  pritioiplos  sot  forth  ahovp,  and  tho 
mode  of  feeding-  as  advocated  by  me,  which  conslsis  in  diluting  the  boiled 
and  skimmed  milk  with  barloy-wator  or  oatmeal  gruel.  I  hold  this  mix- 
ture to  be  the  conditio  nine  qud  non  of  the  thorough  digestion  of  the 
milk.  This  only  will  insure  the  proper  nourishment  of  tho  infant.  With 
this  food  alone  I  have  seen  children  endure  the  heat  of  summer  without 
any  attack  of  illncsd  whatever.  It  is  because  I  am  so  deeply  convinced  of 
its  importance  that  I  revert  to  the  subject  here.  In  this  climate,  so  peril- 
ous to  infant  health,  where  severe  dorangementa  of  digestion  belong  to 
the  most  eonunon  of  the  daily  experiences  of  the  practitioner,  I  have  had 
ocoasion  ag&in  and  again  to  be  convinced  of  the  reliabitlty  of  my  mixture. 
It  has  this  advantage,  too,  that  it  necessitates  no  dependence  upon  the 
honesty  or  competence  of  the  apothecary  and  manufacturer,  but  this  mix- 
ture can  bo  prepared  by  any  one,  however  poorly  situated.  I  conceived 
it  to  be  necessary  to  discover  a  kind  of  food,  suitable  to  the  infantile  ago, 
which  coitUl  not  bt  spoOeil  throntfh  if/norance  and  Jruud,  nf>r  Ar  Itnbte  to 
hrtce  its  price  enhanced  by  trade  d^ai^rs.  All  of  these  indications  have 
been  fully  met  in  the  preparation  which  I  have  described. 

The  object  I  desire  to  attain  is  to  insure  a  slow  action  of  the  gastric 
juice,  or  of  the  excess  of  acid  in  tho  stomach  upon  the  casein  of  the  milk, 
and  this  object  I  attain  under  alt  circumstances.  Should  a  slight  diarrhoea 
occur,  or  a  little  casein  bo  vomited  (a  rare  accident,  to  be  sure),  or  casein 
occur  in  the  stools,  then  all  that  is  necessary  is  to  diminish  the  proportion 
of  milk.  It  may  sometimes  be  necessary,  though  very  seldom,  to  with- 
draw the  milk  entirely  for  a  time,  but  only  In  cases  of  real  illness.  If  tho 
physician  or  attendants  have  properly  apportioned  the  ingredients  of  the 
mixture,  we  may  rest  assured  that  the  child's  digestion  and  aBsimilation 
will  be  regular  and  normal.  Infants  that  are  partly  nourished  at  the 
breast  almost  invariably  thrive  well  with  tho  addition  of  my  mixture. 
Children,  from  their  fourth  or  fifth  month  and  upward,  may  often  be  fed 
with  it  exclusively,  and  not  iinfrequently  nothing  else  Is  given  from  tho 
day  of  the  birth.  I  can  positively  afHrm  that  in  all  these  cases  assimila- 
tion and  increase  in  weight  have  proceeded  quite  normally.  Altogether, 
the  brief  form  in  which  I  laid  down  the  above  principles,  years  ago,  and  in 
which  they  have  been  published  year  after  year  by  tlie  Xew  York  Health 
Board  (See  Infant  Diet,  ad  Ed., 1876,  p.  U8)  for  the  boneBt  of  the  gen- 
eral public,  rich  and  poor,  may  still  be  found  satisfactory.  They  road  as 
follows  : 


I.  Abottt  yitrsinff  Babies. 

Overfeeding  does  more  harm  than  anything  else.     Nurse  a  baby  of  i 
BWiith  or  two,  every  two  or  three  hours. 
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Nurse  a  baby  of  six  months  and  over,  five  times  in  twenty-four  hour&, 
und  no  more. 

W'lirn  u  baby  gets  thirsty  in  the  meantime,  give  it  a  drink  of  water  or 
barlfiy- water.  No  sugar.  In  hot  woather — bat  in  the  hottest  days  only — 
mix  a  few  drops  of  whiskey  with  either  water  or  food,  the  whiskey  not  to 
exceed  a  te«spooiiful  in  iweuty-four  hours. 


11.  About  Feeding  Jfabies. 

Boil  a  tcaspoonful  of  powdered  barley  (grind  it  in  a  cofTce-grinder) 
and  a  giU  ^f  water,  with  a  little  salt,  for  fifteen  minutes;  strain  it,  and  mix 
it  with  half  as  iiiurh  boiled  milk  and  a  lump  of  white  sugar.  Give  it  luke- 
warm, through  a  nursing-bottle. 

Keep  bottle  and  mouth-pioco  in  a  bowl  of  water  when  not  in  use. 

Babies  of  iive  or  six  months,  half  barley*water  and  half  boiled  milk, 
with  salt  and  white  sugar. 

Older  babies,  more  milk  in  proportion. 

When  babies  are  very  costive,  use  oatmeal  instead  of  barley.  Cook 
and  i^train. 

When  your  breast-milk  is  half  enough,  obange  off  between  breast>milk 
and  food. 

In  hot  summer  weather,  try  the  food  with  a  small  strip  of  blue  litmus- 
paper.  If  the  blue  paper  turns  red,  either  make  a  fresh  meaa,  or  add  a 
HUtall  pinch  of  baking-soda  to  the  food. 

Infants  of  six  months  may  have  beef-tea  or  beef-soup  once  a  day,  by 
itself,  or  mixed  with  the  other  food. 

Babies  of  ten  or  twelve  months  may  have  a  crust  of  bread  and  a  piece 
of  rare  beef  to  suck. 

No  child  under  two  years  ought  to  eat  at  your  table.  Give  no  can- 
dies ;  in  fact,  nothing  that  is  not  <K>ntained  in  these  rules,  without  a  doc- 
tor's orders. 

Care  of  (he  Theth, 

When  should  attention  be  first  directed  to  the  care  of  the  infant's 
teeth  ? 

A  lioness  in  the  Zoological  Gardens,  in  London,  several  times  had  ouba 
with  cleft  palates.  Afterward,  having  been  fed  during  a  subsequent 
pregnancy,  not  nnl\\  as  heretofore,  with  meat  from  which  the  bone  bad 
been  removed,  hut  with  bone  and  meat  together,  she  gave  birth  to  a  cub 
with  normal  buccal  cavity  (Berl.  kl.  Woch.,  1875,  p.  668).  By  analogy 
this  case  offers  a  wide  range  of  scientific  inquiry.  If  a  simple  change  in 
the  food  during  gestation,  other  conditions  remaining  unaltered,  can  bring 
about  so  important  a  result,  we  must  infer  that  the  state  of  pregnancy 
has  a  very  important  bearing  upon  the  development  of  the  osseous  and 
dentai  systems.  Common  hnreditary  Jnfluennes,  of  course,  play  an  impor- 
tant part.  The  entire  oshpous  system  of  the  parents  is  regenerated  in  the 
offspring.     Acquired  diseases,  such   as  syphilis,  iu  the   pareuta  not  only 
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their  shiidowa  upon  tbc  dovclopmont  of  the  permanent  tceth>  a» 
Tatchinson  claims,  but,  as  I  have  often  observed,  affect  the  temporary 
teeth  &s  well.  Congenital  traits,  constitutional  diseases  of  all  kiiiils,  man- 
ifest theniselvea  in  tlie  color,  structure,  thicknesa,  and  hardness  of  the 
ti-eth,  though  the  subdivision  and  classification  of  the  anomalies  be  fre- 
quently carried  to  excou.  Kudolph  declares  transparent  teeth  to  be 
rliacfaitic.  Duval  regnnls  bluish-white  teeth  hs  rhacliitlc;  senii-tratisparont 
teeth  as  "herpetic";  semi-transparent  and  milk-whito  teeth  as  scrofulous 
and  tuberculous.  Usually,  however,  such  anomalies  are  the  result  of  early 
derangements  of  health,  at  a  time  when  the  enamel  is  in  procoss  of  forma- 
tion. It  hah  IxM'ii  stated  that  acute  iiiflaiiinmlory  diseases  leave  furrows  in 
the  young  teeth,  and  acute  exanthemata,  such  as  variola,  give  rise  to  inden- 
tations. RhachitLs  is  indeed  often  associated  with  thinning  of  the  enamel; 
but  when  the  proces.s  advances  somewhat  slowly  ebumoan  hardening  takes 
Lplace  the  same  aa  in  bune.  Then  the  touth  of  those  formerly  rhachitic  are 
*hard,  solid,  dunse,  an<l  yellowish  white  ;  but  this  yellowish  white  color  is 
uniform.  Where  isolated  white  spots  appear,  scattered  hero  and  there  over 
the  teeth,  a  local  trauma  is  to  he  inferrt^d,  in  ronsequence  of  which  a.  de- 
posit of  carbonate  of  lime  has  taken  place.  Where  yellowish  and  whitish 
spots  alternate  with  each  other,  it  is  the  result  of  long-disturbed  health. 
.Vot  unfrequently  it  ts  [>ossiV>le  tn  infer  antecedent  diseases  from  the  teeth, 
in  the  sbiiio  manner  &a  we  may  infer  a  severe  disease  of  nutrition  in  adults 
from  certain  appearances  of  the  nails  of  the  lingers  and  tooa  (so  long  aa 
the  nails  have  not  yei  been  entirely  regenerated).  Kurrows  upon  the  in- 
cisors and  bicuspids  imply  a  severe  illness  during  the  first  lialf  of  the 
second  year.  Furrows  on  the  molars  imply  such  an  attack  during  the 
fourth  or  fifth  year.  The  breadth  of  the  furrow  is  dependent  upon  thu 
tluration  of  the  illness,  and  different  furrows  of  varying  depths  indicate 
separate  attacks  (Ncssel). 

From  what  has  now  been  said,  it  follows  that  tlie  normal  development 
of  the  milk-teeth  is  dependent,  in  the  first  place,  upon  the  condition  of  the 
mother  during  the  period  o(  her  gestation,  and,  in  the  secotnl  place,  upon 
the  nutrition  and  bc&lth  of  the  child.  Hence  the  care  of  the  milk-teeth 
should  begin  before  birth,  and,  as  we  shall  see  later,  t}ie  care  of  the  per- 
manent teeth  must  begin  during  the  earliesl  years  of  life.  The  teeth  of 
^oung  animals  are  comparatively  very  soft  and  the  enamel  thin.  Hence 
they  are  much  more  liable  to  injury  thoji  the  teeth  of  adults.  Portions  of 
the  food,  taken  by  tbc  child  at  frequent  intervals,  or  now  and  then  vomit- 
ed, may  collect  in  the  mouth  and  undei^o  fennentation,  with  the  produc- 
tion of  acid.  Aphthous  sores  arc  common  in  thu  mouth  in  very  young 
children,  and  diphtheritic  deposits  in  those  a  little  older.  Acid  is  produced 
in  the  stomach,  with  acid  eructations  and  acid  stools.  The  3'oung  teeth 
are  constantly  flooded  with  the  copiously  secreted  saliva.  Teeth  and 
saliva  mutually  react  upon  one  another.  Tlie  saliva  cannot  remain  healthy 
if  the  teeth  are  carious  and  covered  with  bacterio,  nor  can  the  teeth  long 
ntnain  sound  with  sour  saliva.  Thus  bad  teeth,  sour  saliva,  aud  sotir 
stomach  may  become  a  circtUua  oUiomtd. 
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The  main  requirement  in  tlie  care  of  the  teeth  lies  in  sortipulouslv 
oUfliising  tho  mouth,  Orcasionally  it  should  bo. washed  out  with  very 
diluto  alkaline  solutions,  for  which  purpose  borax  may  bu  used.  Strongrly 
alkaline  washes  or  alkaline  tooth-powders  tend  to  do  harm  by  abstractini^ 
tho  lime  from  the  loeth.  Another  requirement  ts  proper  food.  What  that 
should  bt*  I  liavo  endeavored  to  indicate  in  anothc^r  place.  A  bad  stomach 
is  incompatible  with  good  teeth. 

Now,  is  sugar  hurtful  to  the  teeth,  or  has  it  no  effect  upon  them  ? 
Can  frequent  indulgence  in  sugar  causa  caries  ?  "When  the  teeth  are 
much  deimyed,  immoderate  indulgence  in  sugar  is  often  alleged  as  the 
chief  cause.  Sugar  is  present  in  all  children's  food;  so  the  question  can 
oonoem  cmly  its  excessive  use.  Tbo  enamel  of  the  teeth  may  b«  kept 
for  weeks  in  a  glass  of  water  in  which  sugar  has  undergone  fermentation 
without  any  effect  upon  it.  Can  it  be  otheiwise  in  the  mouth?  Does 
the  circumstance  of  the  continual  pussag-c  of  air  thniugh  the  mouth  cause 
a  difference  in  the  action?  Will  the  effect  of  sugar  account  for  the  fad 
that  the  outer  surfaces  of  the  teeth  arc  usually  the  part  first  affected,  or 
is  this  tho  result  of  slight  injuries  received  from  without ''  Hefvrence  has 
been  made  to  the  fact  that  t)ie  plantation  negroes,  who  are  constantly 
chewing  sugar-cane,  have  splendid  teeth.  But  the  sugar-juice  of  the  cane 
is  nut  the  same  thing  as  the  lime-refined  sugar  of  commerce.  Much  of  the 
sugar  consumed  in  confectionery  and  the  candies  of  all  sorts  adheres  more 
tenaciously  to  the  mouth  than  simple  sugar,  ami  is  also  adulterHted  with 
otlier  substances,  \\hich  make  It  mure  suspicious.  But,  however  thbs  may 
be,  whether  any  direct  and  local  injurious  action  can  be  shown  to  pertain 
to  sugar  as  such  or  not,  the  inordinate  indulgence  of  confectionery  must 
impair  digestion,  and  thereby  become  injurious  to  the  teeth.  I  have  s^^eii 
chronic  gastric  catarrh  precede  caries  of  the  teeth  and  coexist  with  it  too 
often  not  to  be  certain  of  their  intimate  relation  to  each  other.  The  pro- 
duction of  acid  will  render  the  saliva  sour  and  give  rise  to  a  copiou.s 
development  of  bacteria,  thus  leading  to  caries. 

How  rjisily  a  moderate  amount  of  acidity  may  become  hurtful  to  the 
teeth  is  well  seen  in  tbo  effect  of  improper  indulgence  in  the  juices  of 
fruits.  We  should  seek  to  mitigate  their  injurious  effect  by  giving  bread 
or  water  at  the  same  time,  and  by  afterward  carefully  cleansing  the  teeth. 

When  it  is  probable  that  fermentation  is  taking  place  in  the  muutli, 
the  indication  is  to  stop  the  use  of  nursing-bottles,  sugar-teats,  etc.,  con- 
cerning wliich  I  had  something  to  aay  in  another  place.  Without  doubt, 
fermentation  in  the  mouth  aids  in  tho  crumbling  of  the  tooth,  in  produ- 
cing the  subsequent  indigestion,  and  in  causing  the  defective  articulation 
which  betrays  itself  in  the  pronunciation  of  the  consonants  d,  t,  e,  a,  and 
St,  which,  once  having  become  a  hshit,  is  not  overcome,  even  after  th^ 
dovolopnient  of  the  pemiancnt  teeth. 

Therefore  the  care  of  thu  chiKrs  teeth  is  mainly  preventive.  Vet  the 
list  of  preventive  measures  would  be  far  from  complete,  were  I  not  to  men- 
tion the  danger  arising  from  incising  the  gums,  whenever  tho  teeth  are 
alow  in  coming,  an  operation  that  is  very  commonly  resorted  to  if  the  child 
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ot  proporljr  recognized.  Wo 
are  a,U  aware  that  tlie  gums  seldom  retjuirc  or  justify  an  incision,  whether 
for  ttiftaniinution  or  for  unusual  thickness  or  har(tuo»s.  And  yet  we  know 
that  every  iU,  whether  of  head,  body,  or  limb,  according  to  popular  noaol- 
ogy,  is  attributed  to  teething,  and  Is  supposetl  to  furnish  a  sufficient 
pretext  for  the  "simple  and  safe"  operation.  The  literaturo  of  the 
eiibjeot,  before  any  diagnoses  were  mndo  of  chilJtvn's  diseases  had  grown 
to  formidable  proportions.  I  made  a  collective  report  on  it  myself  som^f 
years  ago.'  I  shall,  therefore,  confine  myself  to  simply  referring  lo  the 
danger  to  wliich  the  milk-teeth  are  cx])osed  from  external  injuries  white, 
though  yet  concealed,  they  Ho  quite  near  tho  surface.  The  injur}'  once 
having  been  iiifltcted,  the  decay  of  the  tooth  is  a  necessary  consequence.^ 
This  is  conceded  even  by  J.  Foster- F la gg-,  who  lately  not  only  reconi- 
niendcd  incisions  and  scaritications,  but  in.sisted  upon  very  free  incisions, 
Donictimes  crucial  and  sometimes  curved,  so  as  to  extend  entirely  around 
the  tooth.     He  even  gives  drawings  of  these  incisions.* 

When  the  teeth  are  healthy,  som«  strict  ineaaures  of  precaution 
should  be  taken.  These  measures  will  vary  somewhat,  depending  upon 
the  age  of  the  child,  inasnmcrli  a.s  children  several  years  old  are  able  to 
carry  out  many  of  the  regulations  for  themselves.  After  every  meal  the 
ninuth  should  be  rinsed  out  with  pure  water.  The  same  should  be  done 
after  eating  fruit,  or  after  taking  medicines  or  mineral-waters  containing 
iron  or  tannin.  The  oidj'  addition  to  the  mouth-wash  should  bo  alcohol. 
In  exceptional  cases,  as  where  tho  gums  and  mucous  membrane  are  liable 
to  become  spongy  and  relaxed,  very  dilute  alkaline  solutions  may  be  used; 
concerning  strong  solutions  1  have  already  expressed  a  caution.  When  a 
brush  is  used  for  cleansing  the  teeth  (a  coarse  cloth  is  better),  this  should 
be  soft,  and  should  he  used  not  only  in  a  horizontal  direction,  hut  alsri 
vertically,  so  as  to  make  sure  tliat  no  particles  of  food  remain  lodged  be- 
tween the  teeth.  Tooth-powders  that  contain  wood,  coal,  or  other  hanl 
Hubstanocs  had  better  be  avoided;  and  the  same  with  regard  to  all  soaps 
[ace  above],  with  the  exception  of  the  sapo  medicatus,  in  which  th<; 
caustic  soda  has  been  completely  neutralized.  Patent  preparations  should 
not  be  used,  for  obvious  reasons.  Any  sudden  change  of  temperature  in 
the  food  must  bo  carefully  avoided.  Even  water  of  the  ordinary  tempera- 
ture must  not  be  too  freely  drunk  witfi  a  warm  meal.  The  custom  of 
lirinkiiig  ice-water,  common  in  the  large  cities  of  America,  is  the  most 
pernicious  enemy  of  the  teeth.  Under  the  sudden  vhange  of  tempera- 
lure  they  are  liable  to  crack. 

Care  ofdUeated  teeth. — With  regard  to  carious  milk-teeth,  a  few  sim- 
ple rales  are  applicable,  of  which  the  best  is,  whenever  the  ease  is  at  all 
serious,  to  consult  a  competent  de-ntist,  Tt  is  certainly  better  to  have  a 
(oath  filled  than  to  lose  it  entirely,  but  it  is  better  to  lose  ifr  than  that  its 
neighbor  should  become  affected  by  contiguity.     In  general,  milk-teeth 
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should  not  bo  extracted  till  it  is  absolutely  necessary;  otherwise  the  alve- 
olar border  sinks  away,  the  jaw  do<;s  nut  develop  properlvj  and  insufficie 
room  ia  left  for  the  permanent  teeth.  Thvse  appear  in  the  following' 
order :  the  middle  lower  incisora  in  the  sixth  year,  the  middle  upper  in 
the  seventhj  the  lateral  upper  and  lower  incisors  in  the  eighth^  the  uppej- 
and  lower  two  bicuspidx  from  tlic  ninth  to  the  ti:iith,  the  canines  from  tht; 
tentli  to  the  eleventh,  the  first  molars  from  the  eleventh  to  the  twelfth, 
and  the  second  inolam  from  the  twelfth  to  the  thirteenth.  When  then* 
teeth  are  robbed  of  their  natural  space  they  are  very  apt  to  grow  irregu- 
larly, often  in  a  double  row, 

The  germs  of  the  pcrttianciit  teeth  are  formed  at  the  same  time  that 
the  temporary  teotli  arc  developed,  though  ihey  do  not  become  ossifi 
before  the  sixth  year.  As  they  gradually  become  larger,  the  blowi-vesaels 
of  the  bony  partitions,  and  those  supplied  to  the  roots  of  the  deciduous 
teeth,  waste  away,  the  nerves  disappear,  and  the  roots  atrophy.  The  par- 
tition botwoon  the  milk-tooth  and  the  saa  of  the  permanent  tooth  gradu- 
ally becomes  thinner.  If  the  milk-teeth,  especially  the  canines,  are  ex- 
tracted prematurely,  the  pennanent  teotfi  anj  extremely  liable  to  injury, 
as  they  lie  embedded  between  the  roots  of  the  milk-teeth.  The  harm  doii^ 
in  ihis  way  is  often  greater  than  that  caused  by  the  delayed  detachment 
of  the  temporary  teeth.  This  latter,  however,  may  act  injuriously  upon 
the  permanent  teeth,  alTecting  their  beauty,  shape,  or  number,  and  under 
such  circumstances  the  advice  of  a  dentist  becomes  desirable.  Tht-re  is 
but  one  event  which  imperatively  demands  the  early  extraction  of  a  milk- 
tooth,  and  that  U  pcriustitis,  or  osteitis  of  the  jaw,  duo  to  inflammation  of 
the  tooth-root. 

So  far  as  the  period  of  tlio  second  dentition  is  concerned,  1  have  nothing 
to  fidd,  with  the  exception  of  a  caution  to  my  younger  colleagues  not 
accept  too  implicitly  all  that  has  been  written  and  said  concerning  tha 
frequency  of  dentition  diseases.  I  have  already  said  that  the  alleged  re- 
lation between  teething  and  disease  in  the  first  dentition  is,  to  say  the 
least,  a  very  doubtful  one  ;  likewise  in  the  second  dentition;  for  if  we 
eliminate  all  the  faUe  and  imperfect  diagnoses,  we  shall  6nd  this  relation 
l>etweeu  it  and  the  numerous  diseases  of  childhood  equally  dubious. 


Affe  of  Schoolinff.* 

The  period  of  life  in  which  children  ought  to  be  sent  to  school,  or, 
rather,  the  age  which  allows  of  additional  physical  efforts  and  intcllootuaJ 
labor,  depends  greatly  on  individual  development.  Still  there  are  land- 
marks which  positively  indicate  the  minimum  of  years  required  for  under- 
going unwonted  strain.     The  functions  of  all  the  organs  depend  on  their 

'  Tbli  brief  chapter  may  And  a  plaoa  hero,  tbon^b  not  leferring  to  infanoj  ptopor. 
Is  mj  tzeatmeBt  of  the  enbject  of  tbe  b^iooe  of  the  infant  hodj  I  bare  aDdeavorod  to 
bSM  ntjr  views  and  recommendations  upon  anatomical  and  physiolo^cal  data  ;  snd  w 
here  1  will  endeavor  to  find  aocurate  scientific  indicatiDOB  for  tbe  firat  artifici&l  food  of 
the  mind. 
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anfttomicAi,  c}icmical,  And  ]>hysical  licvt^lopmcnt.  Thus  cerebral  action 
relies  to  &  great  extent  on  fat  and  phosphorus  in  the  brain  substance. 
In  the  adult  they  ore  mainly  found  in  the  white  substanue  of  the  cere- 
bnun;  in  the  fcctusand  infant,  however,  in  the  medulla  oblongata,  Thus 
it  is  that  the  functions  of  the  latter  j>rcdoininatG  at  an  early  age.  Of 
^ijual  importance  is  the  percentage  of  water  contained  in  that  organ.  Its 
prevftlenue  is  In  an  inverse  proportion  tu  normal  labor.  The  more  water, 
tb«  leas  function,  and  vi^M  uersri.  Now,  the  medulla  oblongata  contains, 
in  the  infant,  the  smallest  purccntogo  of  water  (84.^8),  and  possesses  func- 
tional superiority.  The  high  percentages  of  86.77  in  the  white,  and  of 
87.70  in  the  gray  substanco  of  thu  brain  of  the  nuraliog  correspond  with 
the  inferior  qualities  of  these  parts  of  the  nerve-centres.  The  increasing 
percentage  of  water  in  the  brain  of  old  ago,  as  compared  with  that  of  the 
adult,  is  the  anatomical  basis  of  the  *'  second  childhotnl  "  (\\'oiHsliHi'h). 

The  diiTercnctis  between  the  gray  and  wliito  cerebral  substances  are 
but  trifling  in  the  very  young;  the  bruin  is  soft,  uniform,  grayish,  its 
ventricles;  smooth,  the  convolutions  not  variegated.  In  more  advanced 
age  those  difTerenccs  are  well  marked  :  the  brain  is  harder,  the  ventricles 
more  irregular,  the  convolutions  more  numerous  and  various.  With  these 
differences  correspond  the  more  elaborate  functions  and  capacities  fur 
labor. 

In  the  child  tlie  [leriphcTii;  ittirvi-s  arc  coinjMirativety  larger  fhaii  tho 
(Kntres;  the  sympathetic  ganglia  lieing  the  only  exception  to  this  rule. 
The  spinal  cord  predominates  over  the  brain,  the  centres  of  motion  and 
circulation  in  the  anterior  horns  over  those  of  sensation;  therefore  wo  find 
more  vascular  and  reBex  function,  and  less  intellectual  capacity.  The 
former  are  direct  outgrowths  of  early  and  oomploto  dovolopmont;  tho 
latter  reqnircs  time  for  growth. 

Tho  organs,  moreover,  do  not  develop  uniformly  in  all  their  parts.  It 
takes  time  before  the  several  parts  assume  their  normal  proportion  to  oacli 
other.  Originally  the  occipital  cavity  amounts  to  5,  the  parietal  portions 
to  81.11,  the  frontal  portion  to  13.89,  per  cent,  of  tlie  whole  capacity  oC 
the  cranium.  Tho  tirst  grows  very  fast,  tho  .*tecond  slowly,  the  third  but 
very  little.  The  increase  in  sixc  or  weight  is  by  no  means  any  more 
regular.  The  cerebellum  of  tho  new-born  (35  grms.)  weighs  lj.7  per  cent. 
of  the  weight  of  the  brain;  at  the  ago  of  two  months  it  weighs  9.1;  at 
ten  or  fifteen  years,  12  or  13;  in  tho  adult,  from  13  to  14.  Thus  a  nearly 
riormal  proportion  is  deveIo|>ed  no  sooner  than  at  tho  ago  of  ten  or  over. 

Uapid  growth  in  the  first  few  years  is  the  rule  for  the  t<Jt«Iity  of  tho 
bitdy,  and  for  its  several  parts;  its  ratio  is  not  the  same,  but  shows  a  re* 
markable  resemblance  to  that  which  holds  good  in  a  great  many  organs  or 
regions.  Schadow  states  the  length  of  tho  newly-born  to  bo  18  inches; 
that  uf  the  adult  OG.  The  increase  amounts  to  10  inches  in  the  first  year, 
4  in  the  second,  4  in  the  third,  3  in  the  fourth,  3  in  the  fifth,  2  in  the  sixth, 
1  each  in  the  seventh,  eighth,  ninth,  and  tenth  years.  Thus  the  retanla- 
tion  cornmenccs  with  the  seventh  j/ear. 

The  relation  uf  the  upper  portion  uf  the  trunk  (chest}  tu  the  luwcr  i» 
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1 :  3  in  the  nowly-bom  ;  1  :  1.618  in  the  adult.  This  nomiftl  proportion 
is  attained  wiih  the  eighth  t/efir. 

The  lumbar  pjrtioii  grows  niainty  until  the  ninth  ytctr  is  reftobed; 
then  again  between  the  twelfth  and  fifteenth,  about  the  time  of  puberty. 
Surely  It  ought  to  be  tuoderatoly  developed  before  children  are  kept  for  a 
long  time  in  a  sitting  posture.  About  the  same  time,  between  the  terertth 
atid  ninth  i/earSt  the  growth  of  the  lower  extremities  and  the  whole  body 
is  retarded. 

The  relation  of  the  height  of  the  cranium  to  the  face  is  1  :  1  tn  the 
nowly-born,  1  :  .GI8  in  the  adult.  This  stationary  proportion  i.*  nttaineil 
about  the  eighth  ytnr.  About  the  fifth  and  sixth  years  the  ba»e  of  the 
brain  grows  rapidly,  and  the  frontal'  bone  extends  forward  and  upward. 
The  anterior  portion  of  the  brain  grows  considerably;  but  the  white  sub- 
stance and  larg^e  ganglia  still  preponderate.  Therefore  reception  and  re- 
tention arc  the  main  cerebral  qualities.  At  that  time  memory  only  ought 
to  l>e  trained;  complicated  intellectual  labor  ought  not  to  be  enforced 
before  the  tteoentfi  or  eighth  yeaVy  in  conformity  with  the  above  anatomi- 
cal data,  which  show  a  certiiiii  amount  of  consolidation — and  interrupted 
increase — of  all  the  organs  of  the  body. 

This  result  of  anatomical  and  physiological  facta  corresponds  fully  with 
the  demand  of  Friedrlch  Froebel,  whose  experience  and  intuition  both  led 
him  to  postulate  the  eighth  year  as  the  period  in  life  in  wliich  children 
were  to  be  sent  to  school  regularly.  Until  that  time  they  are  to  be  enter- 
tained and  gradually  developed  in  the  Kindergarten,  Here  their  activity 
is  regulated,  their  attention  exercised,  and  their  muscles  invigorateil 
Both  imagination  and  raeraory  are  taxed  to  a  slight  degree  only.  With 
iaoreasing  years,  the  young,  gray  substance  becoming  more  and  mon* 
developed,  their  thinking  powers  are  gradually  evolved.  As  soon  as 
there  is  a  suSicioiit  anatomical  basis  for  tliem,  it  will  not  do  to  neglect  any 
possibility.  The  secret  of  a  thorough  education  lies  in  the  unifonn  de- 
velopment of  all  powers.  To  develop  one  at  the  expense  of  the  others  i» 
apt  to  cripple  all.  Tn  the  same  manner  a-s  the  apparently  simple  muscular 
action  of  standing  in  an  erect  posture  is  fatiguing  and  exhausting  when 
compared  with  the  more  complicated  labor  of  walking,  the  exertion  or 
over-exertion  of  one  mental  faculty  over  the  rest  injures  all,  either  by  direct 
exhaustion,  or  by  gross  negltMit  of  tho  rest.  The  body  is  a  cosmos — a  re- 
publican world  in  itself — the  separate  parts,  small  and  large,  owing  alle- 
giance and  support  to  each  other.  Exercising  one  single  faculty  is  a  hard 
and  thankless  task.  Learning  by  heart  is  not  understAnding:  cramming 
is  not  knowing.  Our  school-books,  with  their  questions  and  answers,  and 
with  no  pretension  to  practise  thinking,  exhaust  our  children,  by  exercis- 
ing one  function  only,  while  neglecting  to  evolve  their  reflection.  What 
has  been  learned  by  heart,  without  being  understood  and  reflected  upon, 
is  soon  forgotten;  meanwhile  the  mind  has  not  even  been  sufficiently 
trained  during  childhood  and  youth  to  resist  in  later  years  the  gross  em- 
piricism wo  arc  suffering  fivm  in  polities,  social  life,  and  religion. 

Moreover,  the  injurious  influences  of  schuol-Ufe,  such  as  it  U  at  present,    « 
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take  hold  of  younger  children  more  easily  than  of  those  more  fully  de- 
veIo])ed.  Improper  or  changing  temperature,  bad  air,  dust,  contaji^ion, 
insuBitiient  n^spiratory  actioti  and  musc-ular  exercise  in  general,  compres- 
sion of  abdominal  viscera,  endanger  young  children  very  much.  Noso- 
bleeding,  headaches,  ann'niia,  and  scoliosis,  brought  on  by  mu&cular 
fatigue  through  the  raimng  of  the  writing-urui,  by  improper  chairs,  by 
the  resting  on  one  sacro-iliac  synchondrosis,  date  from  early  years.  Ex- 
haustion of  the  brain,  when  brought  on  by  too  early  exercise,  will  increase 
the  tendency  to  brain  disease,  epilepsy,  chorea.  I  know  of  cases  in  which 
fatal  meningo-cncephalitis  was  surely  brought  on  by  mental  overwork. 
Jiut  these  are  subjects  which  will  be  treated  of  in  another  part  of  this 
work. 

The  time  I  recommended  above  as  the  proper  one  for  sending  children 
to  school,  is,  moreover,  that  in  which  morbility  and  mortaHty  are  no  longer 
Ipvat.  Contagious  diseases  and  affections  of  the  nerve-centres  are  no 
longer  frequent  about  thn  eighth  year.  The  excessive  mortality  of  in- 
fancy and  childhood  is  cxhau.sted  about  the  sixth  year.  Of  lOOfleaths  in 
one  ye^r  in  New  York  city,  :i9.G3  occurred  in  the  first;  10.03  in  the  sec- 
ond; 4.37  in  the  third;  2.40  in  the  fourth;  1.04  in  the  fifth;  3.:;0  in  the 
■ixth^altogether  .'jI.28  in  the  first  six  years;  in  the  period  between  the 
sixth  and  eleventh  years,  but  1,50  per  cent,  of  all  deaths  take  place,  ex- 
liibiting  a  great  power  of  resistance  on  the  part  of  the  organism  at  that 
age.  Even  boarding-schools  and  orphan-asylums  show  but  a  slight  mor- 
tality among  children  during  that  period. 

No  rule,  however,  is  without  its  exception,  and  the  time  for  sendincr  a 
child  to  school  requires  individual  modifications.  There  may  be  reasons 
for  postponing  or  absolute  contraindications  to  the  sending  of  a  child  to 
school  at  all.  Contagious  diseases,  insufficient  cerebral  development, 
ppilopsy,  chorea,  physical  debility,  some  malformations,  may  render  a 
child's  going  to  scliool  impossible  or  inadvisable.  But  the  parents  ought 
not  to  be  left  to  decide  independently  a  question  of  so  much  importance 
to  the  welfare  of  those  who  are  to  be  future  citizens.  The  state  or  the 
municipality  should  exercise  the  right  to  prevent  children  from  being 
sent  to  school  at  a  premature  age. 
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TnK  conrideration  of  the  subject  of  Food  and  Drink  naturally  divides 
itself  into  two  parts — the  first  of  which  includes  thctr  clasBi6cation  and 
physiological  uses,  hajted  upon  rhflmical  compoBition  ;  and  the  second, 
special  foods,  or  alimentary  subetauces,  their  qualities  in  the  pure^  sound, 
or  wholesome  state,  with  their  adulteratiuns  and  inspection. 

All  intimate  knowled^  of  the  operations  of  food  and  of  the  require- 
ments  of  a  wholesome  and  sufficient  diet  is  necessarily  based  upon  an 
Accurate  notion  of  its  cliemical  composition  and  physioL optical  action.  To 
the  consideration  of  these  we  will  therefore  devote  ournelves  with  some 
care,  describing  the  various  proximate  principles  which  by  their  union 
make  up  the  different  articles  of  diet,  both  animal  and  vegetable,  their 
ofBco  in  force  or  tissue  production,  and,  as  far  as  possible,  their  course 
through  the  economy;  then  the  articles  of  the  so-called  Accessory  Diet 
(alcohol,  tobacco,  tea,  coffee,  etc.)  will  becKinsidert^d,  and  the  physiological 
Action  peculiar  to  them  especially  imiicated.  This  will  be  followed  by 
the  argument  showing  the  necessity  of  a  mixed  food,  in  which  will  be 
pointed  out  the  derangements  which  follow  the  use  of  an  exclusive  or  re- 
stricted diet,  ami  the  modificationK  deniRndrnl  bv  ilifferences  in  tenijieraiure 
and  climate.  Tben  will  be  considered  the  effects  of  cooking  upon  food, 
the  true  position  of  soups,  and  beef-teas,  and  essences,  so  called;  also  the 
proper  daily  amount  of  food,  as  determined  by  experience  and  experiment, 
for  different  occupations  and  surroundings,  with  the  dietaries  of  armies 
and  navies.  Finally,  the  most  important  diseases  caused  by  use  of  defi- 
cient, excessive,  diseased  or  unwholesome  food,  so  far  as  untouched  under 
the  argument  for  the  necessity  of  a  proper  mixed  diet,  will  obtain  a  place 
in  our  chapter. 

The  subject  of  sp<<cial  focKls,  their  adulteration  and  inspection,  will 
form  the  subject  of  another  chapter,  by  a  different  writer. 

In  food  are  included  all  substances  which,  after  ingestion,  contrib- 
ute to  the  structural,  chemical,  and  functional  integrity  of  the  organism, 
whether  they  be  directly  converted  into  its  tissues,  contribute  by  their 
oxidation  to  its  heat  and  other  forces,  or  simply  furnish  conditions  favor- 
able to  these  operations.  According  to  such  delinition,  water  and  other 
inorganic  substances  which  contribute  in  the  latter  way,  by  fucilitnting 
ftolution,  osmosis  ("  molecular  currents  "),  and  tissue  metamorphosis,  are 
Vol  I— 111 
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as  tnily  food  as  the  fl«8h  and  vegetabln  matter  n-liich  are  rllnjctly  con- 
verted into  tissue,  or  serve  lo  produce  the  (orcea  of  the  economy.  That 
they  arc  aa  indispoiieable,  has  been  abundantly  proven  by  cibser^'ation  and 
experiment.  But  this  difference  in  the  mode  of  operation  of  these  two 
kinds  of  aliment  suggests  its  division  into  two  classes,  the  dirert  and  the 
indirect :  the  former  including  substances  directly  convertible  into  thn 
elements  of  the  blood  and  solid  tissues,  or  contributing  to  force  produc- 
tion; and  the  latter,  substanoes  which  influence  the  phenomena  of  nutri- 
tion in  \'arious  ways. 

According  to  such  a  definition,  it  is  evident,  also,  that  what  in  ordi- 
nary language  is  known  as  "drink,"  h«comes  a  subdinsion  of  food,  and, 
as  such,  the  various  substances  constituting  **  drink  "  will  be  considered  in 
this  article. 

Ckmyieation  of  Fbod. 

Food  is  further  "divided  into  "  alimentary  substances"  and  **  alimen- 
tary principles."  The  former  include  the  articles  of  food  as  supplied  us 
by  nature,  as  meat,  Bsh,  milk,  vegetables,  etc.;  the  latter  include  thv 
dt-'Rnite  compounds  into  which  tliese  alimentary  substances  are  resolvable 
by  proximate  analysis,  as  the  albuminous  principle^,  oily  principles,  starchy 
principles. 

Xutnerous  classifications  of  ''alimentary  principles^  have  been  at 
diffcretit  times  suggested,  some  of  which  arc  exceedingly  elaborate  and 
proportiunutely  cumbersome.  There  are  two,  however,  which  demand 
attcuiiun,  both  being  recommended  by  their  simplicity,  while  one  will  b*;* 
made  the  basis  of  our  study  of  the  subject.  Tbese  are  the  classificatioos 
of  Liebig  and  Prout. 

Tlie  classification  of  Liehig  divides  food  into:  I.  Organic  nitrogenous 
or />/<f(j</iV elements  of  nutrition  or  hiatogenetic  food: — including  the  allm- 
nioii,  fihrin,  casein,  musculin,  globulin,  etc.,  of  eggs,  flesh,  blood,  and 
milk;  gluten  or  vegetalile  albumen  from  the  various  grains;  and  legumine, 
a  siiiiilur  substance,  comparable  to  animal  casein,  found  in  peas,  beans, 
lentil}*,  and  other  leguminous  plants.  These  principles  arc  made  up  of 
the  elements  nitrogen,  hydrogen,  carbon,  oxygen,  sulphur,  and  occasion- 
ally phosphorus,  combined  in  different  proportions.  II.  Nun-uifrvge- 
nOii«  or  ctUarifm'ient  fitod — respiratory  food,  or  elements  of  respiration — 
composed  of  carbon,  hydrogen,  and  oxygen  only.  These  include,  1st, 
the  carbohydrates,  or  substances  in  which  hydrogen  and  oxygen  exist  in 
the  proportion  to  form  water  (sugars,  gums,  starches,  etc.);  and,  Ttd,  hy> 
drocarboiis,  or  fats  and  oils,  with  their  derivatives  and  allies.  These 
arc  i.'uiit])used  of  carbgn  and  hydrogen  in  combination  with  only  a  small 
proportion  of  oxygen.  III.  Inorganic  principte$f  including  water  and 
salts. 

To  the  6rst  of  these  groups  Liebig  ascribed  the  exclusive  function  of 
hi^ogenesi«  or  (isstic /ormatinn  ;  to  the  second,  that  of  Af^T?  produrtiot* 
solely,  by  the  oxidation  throughout  the  body  of  the  carbon  and  hydro- 
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gen,  which  enter  so  largely  into  the  composition  of  the  substaticvs  in- 
cluded under  it.  Liebig^  erred  in  the  excliisi^'etiess  of  the  function 
assigned  to  each  of  the  two  kiinU  of  orjfanic  food.  For  it  ia  now-  wtAi 
understood  that  the  unceasing  and  innumerable  molecular  chanp;e9  whicli 
constitute  the  nitrogenous  metabolism  of  the  body  are  one  of  the  chief 
sources  of  its  heat;  while  the  nitrogenized,  or  albuminoid  principles,  under- 
go niptantorphoHis  into  fatty  and  even  »tan.^h-like  MiibstatK-es.  Long  agu 
Liebig  himself  showed  that  the  bkitter  present  in  the  milk  of  a  cow  is 
much  greater  than  can  be  accounted  for  by  the  scanty  fat  found  in  the 
grass  or  fodder  she  consumes;  and  that  the  wax  produced  by  bees  is  out 
of  all  proportion  to  the  fat  coiitHitu.-J  in  their  food,  wliich  is  chiefly  sugar. 
r^wes  and  Gilbert  have  also  shown  that  for  erery  100  parts  of  fat  in  tho 
/owl  of  a  fattening  pig,  -i?2  parts  were  stored  up  as  fat  during  the  fatten- 
ing period.  Further  examples  of  this  transformation  are  seen  in — Ist,  the 
formation  of  (t<tipf)cere,  or  the  jM?culiar  fatty  substance  into  wliich  the  albu- 
minoid tissues  of  dead  bodies  are  sometimes  converted  after  burial:'  :;id, 
the  transformation  of  casein  into  fat  in  standing  milk;  3d,  a  similar  trans- 
formation in  the  ripening  of  cheese;  4th,  the  appearance  of  stearin  in  the 
l>ody,  when  a  stearin-free  fat,  as  palui-oil,  is  adtled  to  albuminous  focKl 
(Subbotin).  These  phtmomena  aro  imlependent  of  the  fatty  degenera- 
tions in  which,  along  with  numerous  other  molecular  changes,  fat  is 
formed  by  the  breaking  up  of  proteid  amalgams. 

In  the  second  place,  fatty  matter  undoubtciUy  jilays  in  certain  situa- 
tions, the  role  of  a  "tissue,"  and  as  such  is  indispoiihahle  to  the  integrity 
of  the  structure  in  which  it  is  fountL  This  is  the  case  with  musmdar  tissu4>, 
gland-tissue,  and  brain  substance,  in  all  of  which  fatty  matter  is  essential; 
and  to  the  foritutionof  the  so-called  fufipone  tissue  it  contributes  largely. 
The  gejternl  uses  of  thes^  principles  are,  however,  undoubtedly  cor 
rectly  assigned  by  Liebig,  amplR  proof  of  which  is  seen  in  the  well-known 
large  consumptiun  of  fat  by  the  inhabitants  of  frigid  zones,  and  the  in- 
creased desire  for  fatty  food  in  those  native  to  temperate  climates  during 
a  temporary  residence  in  cold  latitudes.  If,  then,  this  exclusiveness  of 
function  assigned  by  Liebig  to  the  t%vo  divisions  of  organic  food  bo  thrown 

^       aside,  his  clossili cation  becomes  sufficiently  accurate,  simple,  and  easily  re- 

^B      mem  be  red. 

^L  .        Equally  simple,  however,  and  more  naay  of  comprebensinn  by  all,  is  a 

^^^^ight  modification  of  the  olassiBcation  of  Dr.  Prout,  which  is  based  upon 

^^^^^  *  It  shonld  be  stated  that  some  ofaeinist«,  as  Oaj'-Lnuao,  Chevretil,  aad  BcrcoUufi, 
^f  daimed  that  adipooere  ia  not  tbo  result  of  the  niutainorplio«iii  of  albunuDoua  matter, 
bot  simplf  reprmeDta  the  fat  orifrlnally  present  in  the  body,  oud  that  the  uitro^nnous 
tianies  have  dfabitc^ratcd  and  dinr.ppeared.  Thia  riew  would  «oem  te  Itc  Mistninnl  by 
the  fltatementsometimoB  made  thai  these  bodies  are  shrunk  and  flattcactl ;  bnt  this  ta 
far  from  the  cam  in  an  admirable  example  of  an  adipoc«re  body  iu  the  MnHeun)  of  the 
Medical  Department  of  the  University  of  F^Dnxylvuiiia.  whiuh  in  an  rouiiileil  iu  now 
toar  as  it  would  Ik  posMblc  to  ho  io  health,  while,  iusicad  of  boiog;  liglilor  tliun  a 
body  of  correspondiDK  suce  which  had  loet  its  nttrogitnoas  cotutituento,  its  weight  Ja  at 
least  aa  great. 
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the  proximate  composition  of  tnilk — the  typic&l  fonn  of  animal  food.* 
The  classification,  which  we  will  adopt  as  the  basis  of  our  sCndy,  divides 
food  into 

I. — DiRKtrr  Aliubst. 

1.  Nitrogenous  or  albuminous  alimentary  principles,  or  proteids. 

2.  Oleaginous  principles — hydrocarbons  or  fats, 

3.  Saccharine  and  amylaceous  principles,  or  amyloids;  also  called  car^ 
bohydrates. 

n. IXDIBKCT  AUUKNT. 

1.  Inoi^^ic  principles. 

2.  Cflrtain  organic  principles, 

3.  Accessory  principles. 

I. — Direct  Ai.TVK?fT. 

JiUroffe/iOtts  or  Albtuninous  Principles — J^oteids, 

Under  these  are  included  the  albumen  of  eggs,  or  egg-albumen;  the 
albumen,  flbriti,  gtubuliii,  myosin,  syntoiiin,  and  other  albuminoid  princi- 
ploH  of  animal  flesh  and  blood;  the  vitcllin  of  the  yolk  of  eggs;  the  casein 
and  albumen  of  milk;  the  gluten,  vegetable  albumen  and  fibrin  of  grains, 
vi?..,  wheat,  rye,  corn  (maize),  and  oats;  and  the  legumin  or  vegetable 
casein  of  peas,  beans,  lentils,  and  other  leguminous  plants,  together  with 
such  albuminoid  substances  asare\:ontained  in  the  juices  of  the  green  and 
soft  parts  of  edible  plants  and  fruits  (cabbage,  cauliflower,  lelluoe,  apples, 
pears,  etc.).  Here,  too,  belongs  j/elfUin,  the  peculiar  principle  produced 
by  boiling  the  so-called  gelatin-producing  or  connective  substances,  i.  r,, 
connective  or  areolar  tissue,  tendon,  bone,  cartilage,  and  horn.  Notwith- 
standing the  low  nutritive  value  uf  gelatin,  as  determined  by  the  French 
and  Dutch  Commissions,'  and  confirmed  by  the  experiments  of  Voit  and 

'  Dr.  Front's  olaaslflcation,  as  prcsentecl  in  the  fourth  ediUoo,  p.  448,  of  his  treatiaa  j 
*'0d  tbo  Nature  and  Trentmnut  of  Stumooh  aiid  Benal  DiseaBen."  London.  IB43.  iau  ' 
foUowH  :   AgueouM,  taecharim,  oiaiQi/ioiig.  aud  ntbuminona.     The  inorganic  elcmenU  of 
food  are  only  aUtK^od  to  by  him  when  treating,  p.  470,  of  what  bodehcrihc*  m  lUtytTfinry 
jiBKimilnlttm,  or  Vhat  which  taken  pRicfi  HiilMRqtient  to  nangu ideation,  inclndiap  alwo 
de»ttructtr(>  aKumilatioc.    The«e  "  mineral  incidental  principles  of  orgimixed  b«tnga."  bo 
wi/x.  may,  "under  curtain  nxtraordinnry  cironnihtances."  be  gooetmtod   "darinif  tba 
vital  proccsMM,"  but  ordinarily  "  suob  elemenu  are  chiefly  derived  ab  txtemo.  in  con- 
junutjon   with  Iho  alimenUuy  princriplefi."      In  substituting  the  term  inarffame  for 
aqueout,  wc  includo  tli«  latter  ftnbtitanceii,  while  the  additional  iraportaace  anigti«d  b]r 
modem  physiology  to  other  inoiganio  food  is  also  nckuowledgod.     The  modiScation  c^  ^ 
ProHt'n  clowrification.  adoptpd  by  Dr.  Carpenter   in   bi«  mlitinn   of  1855  and   prertons 
ooen,  and  which  conniitrd  in  the  addition  of  a  (jTonp  of  gelatinous  food  to  the  other 
diviiiionii  of  Prout.  is  dmppud  in  tho  aeventh  and  later  editions,  where  be  |iracUral)y 
Ktnms  to  the  original  vlaftaification  of  Pronb 

•  Report  of  the  Fnin-h  Gelatin  Comrolwiion  in  the  Camp.  Rend..  TomcXIIl.,  p^ 
354  AoOt,  1811.  and  the  Amsterdam  Com.  in  Ht-b  Iiutit.,  No.  2,  1S4:J.  nud  Gaiett* 
M^dicale,  Mam  10,  \Ui. 
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Bischoff,*  its  proper  position  is  among  the  nitrogenous  principles  of  food. 
The  tenn  chomtrw  is  applied  to  the  gelatinous  principle  produced  by  boiU 
ing  cartilage. 

Albumen, — Albumen  maybe  considered  the  typical  protoid  substance. 
Its  percentage  composition,  according  to  Hoppe-Seyler,*  is  as  follows: 
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which  may  serve  for  that  of  all  the  proteids. 

Notwithstanding  their  similarity  of  composition,  there  arc  some  dif- 
ferences in  the  albumetLs  derived  from  different  sources,  which  justify 
a  separate  consideration.  Thus  we  have,  first,  ttfi/ive  (tlhumenft  and  rfc- 
rived  aibumens,  or  aUmminutes.  By  the  former  are  meant  albumens  in 
their  natural  condition  in  the  fluids  and  solids  of  the  body.  They  are 
soluble  in  water,  not  precipitated  by  dilute  acids,  by  carbonates  of  the 
alkalies,  or  by  sodium  chloride.  They  coagulate  at  a  temperature  of 
158<»  F.  (70^  d),  and  when  dried  at  a  temperature  of  104^  F.  (40"  C.)  a 
palo  yellow,  friable,  tasteless,  inodorou.<f  moss  results.  Albumens  are 
generally  intimately  united  with  a  small  amount  of  saline  matter  and  also 
of  fat. 

I,  Of  native  albumens  there  are  two,  effff-^ibmne7i  and  serttm-aibumen. 

I.  Egg-tJilbumen  ia  familiar  to  all  in  its  viscid,  yellowish,  transparent 
state,  known  as  the  white  of  ^g^.  It  Is  precipitated  without  coagulation 
by  cxccjis  of  strong  alcohol;  atid  at  first  the  precipitate  may  be  redissolved, 
but  by  continued  action  of  the  alcohol  the  albumen  in  coagulated  and  can- 
not lie  redissolvcd.  It  is  coagulated  by  strong  acids,  as  nitric,  and  by 
ether;  and  precipitated,  but  not  coagulated,  by  mercuric  chloride,  silver 
nitrate,  and  lejid  acetate.  Strong  acetic  acid  and  strong  caustic  jiotash 
when  added  to  a  concentrated  solution  convert  it  into  a  transparent  jelly. 

3.  Senttn'Otbitmen  is  found  in  blood-sorum,  lymph,  chyle,  milk,  transu- 
dations from  the  blood,  and  many  pathological  fluids,  among  which  is 
albuminous  urine.  Although  similar  to  egg-albumen,  it  difEera  from  it  in 
the«*'  respects: — it  is  not  coagulated  by  ether  or  readily  precipitated  by 
strong  hydrochloric  acid,  while  the  precipitate  finally  obtained  by  the  lat- 
ter is  redissolved  on  the  addition  of  more  acid;  finally,  precipitated  or  co- 
agulated serum-albumen  is  soluble  in  strong  nitric  acid,  egg-albumen  not. 

II.  Of  ihrived  ulhmueus  there  are  also  two,  acid-albumeu  and  alkali- 
aibunifii. 

1,  Acid-albumen  is  produced  hy  the  action  of  a  dilute  or  strong  acid 
upon  a  native  albumen  in  s<jlution,  be  it  serum-  or  egg-albumen.  Its  prnp- 
ertics  are  thus  completely  altered,  but  most  striking  are  these:  its  8i>lu- 
tion  is  no  longer  C(»agulated  by  heat,  but,  on  neutralization,  all  of  the  alhu- 
men  is  precipitated;  It  is  readily  soluble  in  dilute  acids  or  alkalis,  and  thfse 


'  Oesetxe  der  Ernohmag,  1800,  p.  31ft, 

'  HaodbDoh  der  phys  ,  path  ,  cbem.  AnoL,  p.  33^. 
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aoiutioris  nrg  not  cooffulaterl  by  bollififf.  When  smptTuled  in  an  nndis- 
solved  state  in  water,  anil  heated  to  158*  F.  (TO**  C),  it  is  coagulated, anrl 
cannot  then  be  liictinguished  Xrmn  coagulated  serum-albumen. 

a.  AiA'ali-albutneH  is  produced  by  the  action  of  a  dilute  or  strong 
alkali  upon  serum-  or  e^g--ulbumen  or  wiiahcd  muscle.  The  product  thus 
obtained,  like  acid-aUmmcn,  is  not  coagulable  by  heat,  and  like  it  is  pre- 
cipitated on  neutralization;  and  the  preoipitate,  quite  insoluble  in  water 
anil  neutral  soctium  chloride  solutions,  is  easily  soluble  in  weak  acids  or 
alkalis. 

A  similar  result  is  therefore  produced  by  the  action  of  acid  or  alkali 
upon  a  native  albumen.  There  are  still,  however,  differences.  Thus,  acid- 
albumen  contttius  sulphur;  alkali-albumen  does  not.  Alkali-albumen  is 
not  precipitated  when  its  alkaline  solutions  are  neutralized  in  the  presence 
of  alkaline  phosphates;  the  «CfW  solutions  are  precipitated  when  neutral- 
ized under  these  circumBtances.  lV)th  alkali-  and  acid-albumen  are  pro* 
cipitated  with  difficulty  frc»ni  their  acid  or  alkaline  solutions  by  al*-ohol, 
but  the  neutralization  precipitate  becomes  coagulated  under  the  prolonged 
action  of  alcohol.  Dr.  Foster  prefers  to  regard  acid-  and  alkali-albumen 
as  acid  and  alkali  compounds  of  the  neutralization  precipitate,  since  there 
is  reason  to  believe  that,  when  the  precipitate  is  dissolved  in  cither  au 
acid  or  an  alkali,  it  enters  into  combination  with  them.  The  noutraliEa- 
tion  precipitate,  which  is,  itself,  neither  acid-  nor  alkali-albumen,  but  may 
become  either,  may  be  Ronaiden*d  an  albuminate.' 

I'lbrin, — It  is  now  genemlly  recognized  that  fibrin  as  such  is  not  pres- 
ent in  the  living  blood,  one  of  the  couslituents  of  which  it  was  so  long 
acknowledged  to  be.  The  researches  of  A.  Schmidt^  have  shown  that  it 
is  the  result  of  the  interaction  between  tw^o  substances  contained  in  the 
h\o<if\,  Jibrinoyen  and  /idritto-plasttn  or  paraglobulin,  in  the  presence  of  a 
thirdy ^fiffrin-Jennent.  Tlie  most  recent  researches  of  Schmidt  show  that, 
while  the  fibrinogen  is  a  nonnal  ccnstituent  of  the  blood-plasma,  fibrino- 
plastin  and  fibrin-ferment  are  both  derived  from  the  rolorless  corpuscles.  It 
is  only  at  the  death  and  disintegration  of  the  letter  that  tho&brino-plastin 
and  fibrin-femient  are  liberated,  and  produce  their  effect  upon  fibrlnc^n, 
the  result  of  which  is  (ibriu. 

Fibrin  thus  formed  is  a  fibrillated  proteid,  containing  the  same  ele- 
ments as  albumen,  but  a  larger  amount  of  sulphur. 

Globulin. — Globulin  is  the  albuminoid  constituent  of  the  fluid  part  of 
the  red  Wood-discs,  in  which  it  is  united  with  liicniatin,  forming  hemo- 
globin. It  also  exists  in  the  crystalline  lens  of  the  eye.  It  differs  from  al- 
bumen in  not  being  soluble  in  di.itilled  water,  requiring,  to  effect  this,  the 
presence  of  a  smalt  quantity  of  a  neutral  saline  solution,  as  of  sodiuraoblo* 
rin.  It  is  also  soluble  in  dilute  acids  and  alkalis,  by  which  it  ifl  converted 
into  acid-  and  alkali-albumen  respectively, 

Mt/osin. — This  is  the  proteid  constituent  of  dead  muscle.    In  its  moist 

'  Foster :  Physiology.  \%t  ed..  London.  1877,  p.  300. 

■flchmiat:Pfliig«r'B  Arch.,Ti.,  1872,  p.  413  ;  xi,  1875,  pp.  201  andSIS;  xUL,  pfi. 
M  and  140. 
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state  it  is  »  gelatinous,  clastic  mass;  when  dr)',  it  is  brittle  and  semi- 
transparent.  It  is  soluble  in  dilute  saline  solutions,  as  of  sodium  rhloride^ 
whence  it  is  precipitated  hy  further  dilution  or  adding^  an  excess  of  the 
same  chloride.  In  such  solutions  it  is  also  coa^ilated  hy  boiling,  and  is 
precipitated  by  the  prolonged  action  of  alcohol.  It  is  described  as  inter- 
mediate beiwt-en  globulin  and  fibrin. 

tStftUonin  ts  simply  the  acid-albumen  of  myosin,  into  which  the  latter 
is  converted  by  the  action  of  dilute  acids,  while  it  is  converted  into  alkali- 
albumen  by  the  action  of  dilute  alkalis.  Syntonin  is  obtained  by  treating 
finely  chopped  muscle,  whence  the  soluble  albumens  have  been  removed, 
hy  repeated  washing  with  dilute  hydrochloric  acid.  This  dissolves  most 
of  the  muscle.  The  syntonin  (acid-albumen)  thus  obtained  is  in  no  way 
distinguishable  from  the  acid-albumen  prepared  from  egg-  or  serum- 
albumen. 

Vtteilin. — This  is-the  modified  albumen  contained  in  the  yolk  of  cpgs, 
where  it  is  mtimately  united  with  a  complex  substance  known  as  leiMthin, 
Irom  which,  indeed,  it  cannot  be  freed  without  coagulation  and  oonse<|uent 
alteration.  The  altered  product  tliTis  obtuined  is  a  white  jrranular  body, 
insoluble  in  water,  but  very  soluble  in  dilute  sodium  chloride  solutions. 
It  is  not  again  precipitated  from  such  solution  by  saturation,  as  is  myosin. 
When  pure,  it  contains  .75  of  one  per  cent,  of  sulphur,  but  no  phosphrtrus. 
Jt  is  also  converted  into  acid-  or  alkali-albumen  by  the  respective  actit^m  of 
dilute  acids  and  alkalis. 

Casein. — Casein  is  the  proteid  of  milk,  and  is  the  chief  constituent  of 
ch««8e.  Freed  from  fat  and  moist,  it  is  friable  and  opaque  white.  In  its 
reactions  it  is  similar  to  alkali-albumen,  being  soluble  in  dilute  acids  and 
alkalis,  and  reprecipitated  on  neutralization  ;  though,  if  sodium  phos- 
phate is  present,  as  in  milk,  much  acid  is  required  to  precipitate  it.  It 
differs  from  artificially  preparei]  alkali'albumi'U  in  yielding  a.  sulphide  of 
potassium  wlxtn  heated  with  caustic  potash;  and  when  digested  in  arti- 
ficial gastric  juice,  it  furnishes  a  body  containing  phosphorus,  whereas  the 
alkali-albumen  made  from  white  of  egg  contains  none.  Casein  differs 
from  fibrin  in  not  coagulating  spontaneously,  and  from  albumen  in  not 
coagulating  by  heat.  It  is  thrown  down  by  organic  acids  which  do  not 
precipitate  albumen.  In  addition  to  the  four  elements,  carbon,  oxygen, 
hydrogen,  and  nitrogen,  it  contains  sulphur,  but  there  is  some  uncertainty' 
as  to  its  exact  chemical  composition.  It  unites  readily  with  phosphatn  of 
lime,  and  "is  remarkable  for  the  tenacity  with  which  it  retains  a  large 
quantity  of  that  substance. 

li  is  prepared  by  Hoppe-Seyler's  method,  as  follows:  Dilute  milk  with 
several  times  its  bulk  of  water;  add,  drop  by  drop,  dilute  acetic  acid  until 
a  precipitate  is  obtained;  filter  and  wash  the  coagulum  with  water,  alco- 
hol, and  ether.  Alagneajum  sulphate  added  to  saturation  also  precipitatea 
casein  from  milk.' 


'  Oomp-Beaaauez.  Lehrtmch  dci  pbysiDlogijictieii  Cbemie,  1674,  p.  \'i^  \  alio  Focter, 
op.  at.,  p.  601. 
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Yegttahk  albumen  and  Jthrht. — ^VegeUble  albumen  is  contaiaed  in 
wheat  and  other  cereals;  also  in  the  juioes  of  most  vogptables,  aa  tumipa, 
cabbage,  caulitlower,  carrots,  lettuce,  etc.,  whence  it  nwiy  be  precipttat«<l 
by  heat.  It  is  also  found  associated  with  vegetable  casein  in  the  oU-cou* 
taining  seeds,  as  almonds,  walnuts,  hickorr-nuts,  etc. 

Vegetable  allmmen  is  that  portion  of  flour  soluble  in  water  and  prc- 
oipitable  from  its  solution  by  heat.     Its  proportion  is  not  large. 

Vegetable  _/?Ari?»  remains  behind  when  flour  is  washed  with  a  stream  of 
water  for  the  extraction  of  gluten.  The  albumen,  starch,  mucil&gc,  sugar, 
and  some  other  soluble  niattflrs,  ar«  carried  away  with  the  water,  and  x 
tenacious  mass  is  left,  known  as  cnide  ghUen.  This  is  the  substance 
which  results  when  flour  is  kneaded  with  water.  Thia  crude  ffhUerit  which 
makes  up  10  to  35  per  cent,  of  wheat,  but  is  sparsely  present  in  other  grains, 
IB  a  complex  body„  composed  of  vegetable  fibrin,  casein,  and  pure  glutrtt. 
By  the  action  of  boiling  alcohol  the  pure  gluten  a,nel  casein  are  dissolved 
out,  and  tlio  vegelablejibrin  remains.  Vegetable  fibrin  aUo  exists  in  the 
juice  of  the  grape  and  most  vegetables.  Of  the  two  substances,  gluten 
and  vegetable  fibrin,  which  make  up  the  bulk  of  the  nitrogenous  portion 
of  the  wheat-grain,  gluten  preponderates  in  the  central  farinaceous  portion, 
and  the  vegetable  fibrin  in  the  exterior. 

Vegetable  cuseiu  or  legumin. — Vegetable  casein  is  contained  in  peas, 
beans,  lentils,  and  other  leguminous  seeds.  It  also  exists  with  casein  in 
the  almond,  walnut,  and  other  oil-containing  seeds. 

GelcUin  and  chondrin. — The  special  sources  of  these  have  already 
been  sufficiently  referred  to  (p.  148).  They  are  deri\'ed  only  from  ani- 
mal tissu<.*s,  the  Jelly  of  fruits  being  si>niothing  very  different.  The  latter 
contains  the  three  elements  only,  carbon,  hydrogen,  and  oxygen,  while 
gelatin  contains,  iti  addition  to  these,  nitrogen  and  also  sulphur. 

The  striking  peculiarity  of  these  substauces  is  the  gelatinixation  of 
their  watery  solutions  on  cooling,  resulting  in  the  formation  of  the  pecu- 
liar transparent  **  trembling"  substance  with  which  all  are  familiar  under 
the  name  calveii'-Jbot  Jelly,  Gelatin  and  chondrin  also  form  the  basis  of 
moat  soups, 

7%<r  course  and  destination  of  the  albuminous  principles. — What- 
ever the  diflerencea  in  these  proteid  substances — and  it  is  evident  they 
are  not  gnuil — or,  however  varied  their  sources  in  the  animal  and  vegf. 
table  kingdom,  their  course  when  taken  as  food  is  one  and  the  same- 
After  ingestion  and  mastication,  when  this  is  required,  they  are  all  con- 
verted in  the  stomach,  through  the  agency  of  the  gastric  juice  and  to  a 
certain  extent  by  the  pancreatic  juice  in  the  small  intestine,  into  aibu- 
minose  or  peptones  and  a  small  but  variable  quantity  o(  parnpejitone-9. 

Albuminoae  or  j>eptone  is  itself  a  proteid  not  differing  essentially  in 
chemical  composition  from  the  undigested  proteids.  It  differs  from  aoid* 
albumen  in  ho/ being  precipitated  from  its  acid  or  alkaline  solutions  by 
neutralization;  and  from  the  other  proteids  in  not  being  coagulated  by  heat, 
nor  precipitated  hy  pot-asstum  ferrocyanide  and  acetic  acid;  and  in  being 
higfUy  diffuMble,  passing  through  animal  membranes  with  the  greatest 
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facility.  Tt  is  soluble  in.  dilute  alrohol,  but  is  prcetpitated  by  absoluto. 
Tlie  seixiiid  i»roduct  of  di^stiuii  of  albuinuiuiil  substances,  pfrrupej>/onaft 
which  in  smaller  in  quantity  the  more  perfout  is  digestion,  is  really  acid 
albumen  or  syntoma,  and  possesses  the  same  properties. 

The  albumiiiDse  or  peptone  is  absorbed,  chiefly  by  the  capillar}'  blood- 
vcKHcIs  of  the  fiinall  intestine,  and  tti  a  very  slight  extent,  if  at  nil,  by  those 
of  the  stomach;  ibencu  it  passes  into  those  veins,  which  by  their  union 
form  the  portal  vein,  by  which  it  is  carried  through  the  liver. 

Until  recently  it  was  supposed  that  Bibumiiiose  was  the  sole  product 
of  the  di^'stion  of  protoids.  It  is  now,  however,  definitely  known  that 
during  the  pancre-atiu  digestion  of  these  substances  there  appear,  iti  ad- 
dition to  peptone,  two  other  nitrogenous  crystalline  principles,  leucin  and 
lyrosin,  and,  as  the  proportion  of  these  increases,  that  nf  peptone  dimin- 
ishes. The  proteid  substances,  therefore,  absorbed  from  the  small  intes- 
tine, include  [>eptone,  leuein,  and  tyrosin. 

At  this  point,  however,  our  precise  knowledge  of  the  eounu*  and  fate 
of  proteida,  how  far  and  how  they  are  cont-erted  into  the  tissues  of  the 
body,  consumed  in  producing  its  heat  and  energy',  or  thrown  off  among 
the  excreta  a.s  urea,  carbonic  acid  and  salts,  ceases.  Speculation,  aided, 
of  coursp,  by  chemical  analysis  of  the  flui4ls  and  seeretions  of  the  body  ns 
compared  with  that  of  the  ingesta,  aided  also  by  the  laws  of  physios  and 
chemistry  applied  to  the  phenomena  of  the  organism,  determines  our 
knowledge  of  these  matters.  It  must  be  admitted  that  great  strides  hava 
recently  been  made  in  this  direction  concurrent  with  the  advances  in 
modern  organic  chemistry.  For  this  wo  are  indebted  to  such  chemists  as 
Kahne,  Hoppe-Seyler,  Gorup-B'^ssanez,  \'oit,  Bisfhoff.  Pettenkofer,  and 
others.  But  much  uncertainty  stitl  overhangs  the  subject,  and  what  is  now 
written  may  have  to  be  materially  changed  in  the  course  of  future  jtrog- 
rcas.  There,  is  good  reason  lo  suppose  that  the  peptones  are  converted 
into  the  albumen  of  the  blood  v^ry  soon  after  their  introduction  Into  that 
fluid,  and  that  the  liver  is  the  probable  seat  of  this  c^jnversion.  But  the 
precise  changes  which  subsequently  occur  are  not  known. 


The  Vms  in  the  Eijonomy  of  Al^uminou*  or  J*n.>tai<f  Fooff. 

The  uses  of  the  nitrogenous  elements  of  food  are  two:  Jir»t,  to  build 
up  and  maintain  the  nitrogenous  tissues;  a^cond^  the  production  of 
force — force  being  hero  manifested  in  the  shape  of  heat  and  muscular  and 
nervous  power.  The  former  is  primarily  essential,  as  are  es.sctitial  th« 
materials  of  the  machine,  both  for  its  first  construction  and  iln  repair. 
But  as  the  amount  of  material  requireil  after  snch  primary  conaitruction  is 
completed,  is  undoubtedly  trifling  compared  with  what  is  consumed  for 
the  generation  of  the  force  of  which  it  is  capable,  so  with  ttic  human  organ- 
ism, the  chief  use  of  proteid  food  Is  the  production  of  force. 

Liebig  originally  held,  and  il  »iih  long  admitted,  that  the  nitrogenous 
food  in  all  instimcea  was  first  converted  into  the  nitrogenous  tissues  of 
the  body,  and  that,  from  the  wttar  and  tear,  and  consequent  disintegration 
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of  these,  there  resulted,  on  the  one  hand,  areif  which  was  excreted  with 
the  urine,  ami,  cm  the  Other,  carbcm  aii'1  hydrogen,  which  were  oxitlizMl. 
Now  the  reverse  is  held.  Nitrogenous  food  does  not  firet  pass  iiiiij  nitro- 
genous tissues;  and  it  is  not  through  their  disinto^ation  thai  the  forees 
of  the  organism  are  generated,  any  more  than  by  the  direct  consumption 
of  the  material  of  thu  nmchinc.  They  r<;sull  from  the  oxidation  of  tho 
carbon  and  hydrogen  a«  they  exist  in  the  various  foods;  just  as  the  forces 
of  the  machine  urc  due  to  the  oxidation  uf  the  carbon  and  hydrogen  of  its 
fuel.  The  chief  object,  then,  of  food,  and  especially  of  nitrogenous  food, 
is  to  act  iia  fuel  for  the  jiroduction  of  muscular  mid  nrrvuus  force,  a  cer- 
tain mnall  amount  being  also  require<l  for  th«  repair  of  the  tissues  of  the 
organism,  which  are  slowly  consumed,  jit$t  as  the  parts  of  the  machine 
are  consumed  by  its  action,  and  the  more  rapidly,  the  more  constant  and 
^•iolent  its  action. 

The  old  view  of  Liebig,  that  muscular  action  is  due  to  the  oxida- 
tion of  muBcidar  tissue,  was  first  effectually  opposed  by  Drs.  Fick  and 
Wislicenus,  of  Zurich,  in  186G.  These  experimenters  proved  tliat  in- 
oreascd  nitiscular  t-xorttun,  such  as  was  made  in  an  ascent  of  thtr  Faul- 
horn,  was  not  attended  by  inerease<l  ureu-eliinination, — which  i^  admitted 
by  all  to  be  the  measure  of  nitrogenous  excretion.  Not  only  this,  but 
further  calculations,  made  by  Fick  and  Wislicenus,  showed  that  the 
amount  of  work  performed  in  this  ascent  exceeded  by  one-half  in  the 
case  of  the  former,  and  three-fourths  in  that  of  the  latter,  the  amount  ol 
force  which  could  possibly  be  generated  by  the  oxidation  of  the  nitrogen 
eliminated.  Their  results  have  been  amply  confirmed  by  the  more  recent 
observation^!  of  Dr.  Parke?,  in  18t>7  and  1871;  while  Liebig  himself,  in 
1800,  admitted  that  mmtcular  work  and  ureu-elimiimtion  bear  no  relation 
|o  each  other,  and  that  among  the  products  of  muscular  disintegration 
urea  is  not  one.'  The  opposite  results,  arrived  at  by  Prof.  Austin  FHnt, 
Jr.,  hi  es|>erimental  observations  on  the  pedestrian  Weston,  in  1870  and 
1H71,  are  not  generally  accepted  by  motleni  physiologists. 

The  motliod  and  situation  in  which  this  force-production  takes  plaoe 
nnist  now  claim  our  attention.  As  early  as  1654,  T^wes  and  Gilbert 
proved  that  the  nitrogen  eliminated  in  the  urine  varied  as  that  intro- 
duced in  the  food,  being  increased  by  a  nitrogenous  diet,  intermediate  in 
a  mixed,  and  i-ciluced  to  a  minimum  with  non-nitrogenous  food.  This 
observation  was  confinnetl  by  l^hmaim.  >*clnnidt,  Fick  and  Wcslicenus, 
Dr.  Park«8,  and  Mr.  Mahomed  ia  careful  experiments  upon  himself  in 

The  great  bulk  of  the  urea,  then,  may  be  considered  as  coming  from 
the  excess  of  nitrogenous  food  ingested  over  and  above  that  rei^uiro*!  to 
x«Mir  the  waste  of  the  nitrogenous  tissues.  According  to  Bidder  and 
f$s'hmtdt,  Voil,  and  others,  this  extra  albuminous  food  enters  the  blood. 
Mhd  constitutes  there  an  excess,  which  they  t«rm  a  "floating  capit*!," 
^MM  which  the  tissues  may  draw  for  their  repair.     That  which  is  not  re- 
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^fttAd  for  such  repair  is  broken  up  into  a  urea^tnoicty  ami  a  force- moiety, 
th«  former  of  which  is  excremcntittous,  and  the  latter  is  used  for  the  pro- 
duction of  force  in  one  of  two  methoda  to  bo  coiibiilereil. 

There  is  ri5a»on  to  believe  that  tho  formation  of  urea  talcea  place  in 
the  liver,  whence  it  is  carried  by  the  blood  to  the  kidneys.  Jn  these 
organs  it  is  removed  by  the  epithelial  lining  of  the  uriniferous  tubules  hy 
a  selective  power  characteristic  of  all  glandular  tissues.  Meis.sncr  and 
Cyon  have  shown  thnt  urea  itt  alwuyti  present  in  lur^e  quantity  in  the 
liver  of  niauniiaU  ;  hut  in  grave  organic  discBse  (>f  thi»  organ,  in  which  its 
function  is  arrested,  aa  lu  acute  yellow  atrophy,  urea  disappears  from  the 
liver  as  well  as  from  the  urine,  in  which  it  is  replaced  by  Icucin  and 
tyroain. 

Accortling  to  a  second  view,  ably  presented  by  Foster  in  his  recent 
Text-Book  of  Physiology,'  but  regarded  by  him  as  probable  rather  than 
fully  established,  this  splitting  up  of  the  ex  cess  of  nitrogenous  food  at  least 
be^ns  in  the  small  intestine.  It  has  already  been  stated  that  among  the 
producta  of  the  pancreatic  digestion  of  protcid  siibstunccs  in  the  small  in- 
tcittines,  arc  leucin  and  tyrosin,  and  that  these  substances  are  carried  along 
with  the  peptones  by  the  jwrtaJ  vessels  to  the  liver.  Now,  the  lai^er  the 
amount  of  nitrogenous  food,  the  larger  is  the  proportion  of  loucin  and  tyro- 
ain  produced,  and  the  largerthe  amount  of  urea  eliniinateil.  Again,  if  leucin 
and  tyrosin  are  introduced  into  the  alimentary  canul,  they  appear  in  the 
urine  in  the  shape  of  urea.  Leucin  and  tyrosin  themselves  never  appear  in 
the  urine  in  health,  but  in  the  grave  diseases  of  the  liver  alluded  to  they 
are  found  in  the  urine  in  largt*  amount,  whili;  urea  is  wanting.  There  would 
seem  to  be  good  reason  to  suppose,  therefore,  that  urea  is  formed  in  the 
liver  from  the  leucin  and  tyrosin  which  are  produced  by  a  cheniolysis,  in 
the  alimentary  canal,  of  albuminoid  substances.  These  break  up  into  a  urea- 
moiety — leucin  and  tyrosin — readily  converted  into  un?a,  and  j)eptone 
which  is  promptly  changt^d  into  the  albumen  of  the  blood.  The  latter,  so 
far  as  is  not  rerjuired  for  the  repair  of  the  tissues,  is  again  split  up  into 
urea  and  a  force- moiety,  composed  of  carbon,  hydrogen,  and  oxygen.  In 
either  event  the  n.*sult  is  the  same. 

As  already  stated,  tliis  extra  albuminous  food  wua  termed  hy  Bidder 
and  F-'hmidt  **  floating  capital,"  and  its  metabolism  a  ittxtts  cow*m»*/>/io«, 
which,  according  to  their  view,  takes  place  wholly  in  the  blood,  while,  ac- 
cording to  the  second  view,  it  occurs  partly,  at  lee^tt,  in  the  alimentary 
canal. 

Other  probable  sources  of  urea  are  the  kreatin,  xanthin,  hypoxanthin, 
etc.,  which  are  constantly  jiroduced  in  the  muscles,  and  to  a  less  extent  in 
the  glands,  and  which  may,  in  like  maTuier,  be  converted  into  urea  in  the 
liver,  and  possibly  also  in  the  spleen.  This  is  the  prrtbable  source  of  the 
urea  which  la  always  found  in  the  urine,  even  on  a  nou-nitrogenous  diet, 
and  may  be  referred  to  the  wear  and  tear  of  muscle. 

Dr.  Pavy,  in  his  excellent  treatise  on  "Food  and  Dietetics,"  Phiiadcl- 
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phia,  1874|  thus  calculates  the  force  which  is  rondored  available  by  the 
metaboUsm  of  proteids,  taking  the  percentage  composition  of  albumen  a«: 

Carbon 53.5 

Hydrogen 7.0 

Nitrogen 15.5 

Oxygen y^.O 

Sulphur 1.6 

Phosphorus *.«•». 4 


U.MXOO 

Supposing,  as  is  not  far  from  the  case,  that  all  of  the  nitrogen  of  the 
ingoing  albumen  escapes  under  the  form  of  urea,  the  nitrogen  will  carry 
with  it  a  certain  amount  of  the  carbon,  hydrogen,  and  oxygen  to  form  the 
urea.     The  percentage  compoaittoh  of  urea  is: 

Carbon 20.000 

Hydrogen 6.666 

Nitrogen 46.667 

Oxygen 36.667 

10O.O0O 


Now,  to  give  to  the  15.5  parts  of  nitrogen  contained  in  100  parts  of 
albumen  thojr  proper  proportion  of  carbon,  hydrogen,  and  oxygen,  to  fonn 
urea,  the  albumen  must  give  up  6.64  parts  of  the  first,  2.21  of  the  second, 
and  8.85  of  the  third,  leaving  46.86  parts  of  carbon,  4.70  of  hydrogen,  and 
13.15  of  oxygen,  in  addition  to  the  sulphur  and  phosphorus  for  oxidation 
and  force-production. 

With  regard  to  the  further  fate  of  the  46.86  parts  of  carbon.  4.73  of 
hydrogen,  and  13.15  of  oxygen  remaining  oul  of  100  parts  of  albumen 
after  the  removal  of  urea,  the  13.15  parts  of  oxygen  will  appropriate  1.54 
parts  of  hydrogen  to  exhaust  its  oxidizing  capacity  to  form  water,  leaving 
3.15  parts  of  liydrogcn  and  46.86  parts  of  carbon  in  a  free  state  for  oxida- 
tion. These  will  require  for  their  conversion  into  carbonic  acid  and 
water  150  parts  of  oxygen;  that  is,  100  parts  of  albumen  will  be  capable 
of  consuming  this  amount  of  oxygen  in  undergoing  oxidation.  This,  of 
course,  enters  the  blood  in  the  act  of  respiration,  and  the  products  of  oxi- 
dation are  carbonic  acid  and  water,  which  are  always  increased  by  mus- 
cular activity. 

The  force  or  energy  thus  resulting  is  manifested  in  one  of  two  ways: 
fMtehotiiral  labor  and  /teat.  The  firvt  of  these  includes  muscular  action  in 
all  its  various  modes  of  manifestation,  locomotion,  respiration,  speech,  etc. 
All  such  m^-cltunieal  labor,  including  that  oF  thi.-  heart  and  bowels,  the 
molecular  phenomena  of  the  nervous  tissues  in  the  activity  of  thought  and 
mental  energy,  and  the  metalwltsm  of  secretion,  are  converted  into  heat. 
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-which  is  given  off  from  the  body  by  radiation,  respiration,  perspiration, 
and  the  wamiing  of  the  eg«sia.' 

Now,  if  the  force -demands  of  the  organism,  in  the  shape  of  muscular 
ltd  nervous  energy  and  heat,  are  exactly  balanced  by  the  force  resulting 
Dm  the  oxidation  of  the  carbon  and  hydrogen  of  the  food,  the  weight  of 
the  body  remains  the  same.  If  these  nre  insuflicit;nt,  it  emaciates.  If,  on 
the  other  hand,  tbcae  are  more  than  sufficient,  they  arc  stored  up  in  the 
shape  of  fat  or  adipose  tissue,  which  subserves  the  double  purpose  of  kocp- 
ing  the  body  warm,  and  of  storing  up  carbo-hydrogenous  material  to  meet 
future  demands  beyotid  those  met  by  the  immediate  food-supply.  In  this 
manner,  as  has  been  frequently  stated  in  this  paper,  and  as  has  been  shown 
over  and  over  again,  by  experiment  and  observation,  the  body  may  gain 
in  weight  by  the  use  of  nitrogenous  food  alone. 
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OlbAQINOUK    PRINCIPI.K«    OF   FoOD FaTS — HYDBOCARBOXt*. 

These  include  the  whole  category  of  oils  and  fats  and  their  derivatives, 
the  so-CAlle<l  hydro^'arhonny  composed  of  carbon,  hydrogen,  and  a  small 
proportion  of  oxygen.  They  are  therefore  non-nitr<jgeiinus.  TIh-  rhjef 
are  olein,  stearin,  palmatin,  and  inargarin.  Some  one  or  more  of  those 
make  up  the  chief  bulk  of  all  animal  and  vegetable  fats,  including  beef-  and 

'  Tbo  nact  aeat  in  which  tbe»o  changen  tiike  pluoe  is  still  uudetermioed.  Vait 
and  otbeiB  contend  that  thcno  oxidations  lake  place  in  the  blowl,  the  "  Lilood-"  or  the 
"  ctroulatiu([-aIbDinen  "  b«liig  ihe  neiit  of  a  direct  oxidative  motabollBm ;  while  Foster 
(Text-Bor>k  of  Phjsiolug:;,  Int  ^^d..  |>.  'Ml),  who  haii  investi^ted  Lhi«  questiou  rtosely, 
dainw  that  the;  take  place  in  the  luusclea.  odinitUng,  abio.  that  **of  the  exact 
uatare  of  the  rhcmicnl  Rhongci  we  know  nothing"  I'p.  G'Ji.  Huch  changes  ate  sddi- 
ttooal  to  thoM  resulting  in  such  nitrogonouH  CT7ittallin«  bi'dies  on  kreatin.  etc..  which 
an  prcMmt  in  muiicle.  and  mtky  be  rogarded  an  the  njKuitH  of  the  wear  and  tear  of  the 
tnsohtne,  and  not  an  products  of  the  material  cniisumed  in  work.  By  these  observers 
tho  phenomena  of  inuHcalor  oontraction  iire  regunlnd  as  '*an  explomvc  decompomtion 
of  certain  parts  of  tlic  mu.icalar  Nub?itiu]C<;,"  inaaltin^'  in  the  production  of  ciirbonic 
and  lactic  acidn,  while  heat,  is  set  free  an  well  as  upcciflc  muscnlar  energy.  This  ex- 
ploaioo  ioTulves  the  dcoompotution  of  nomo  nitro^rpnoaii  prodactM,  which  arc,  however, 
retafaied  within  the  tissue  and  i^ulu  ooosuuied.  FustcrHuyK  (up.  irit. .  p.  70),  '*  It  may 
be  worth  while  to  point  out  that,  during  even  the  most  ooinpletu  rcpoM,  mnscle  is 
andcigoiny  ohomioal  changaSf  which,  so  far  a»  wo  know,  are  the  same  in  kind,  and 
only  different  in  dej^rtie,  from  those  cbamctcristic  of  a  ooatrac-tion.  Thus,  carbouiu 
acid  is  oonstantly  being  produced,  and  probably  lactic  acid,  both  bein^  got  rid  of  as 
they  form,  just  as  they  oro  got  rid  of  in  larger  quantities  diiriag  the  repocie  which  ful- 
lows  ooDtnction.  Buppotriog  the  cxtstenoe  of  a  substaooe  which  splits  up  into  thcDO 
varioua  products,  and  which  wo  may  speak  of  as  the  tnie  contnM.'tile  material,  it  ts 
evident  that  this  material,  being  thus  constantly  utc<l  up.  must  bo  as  constantly  rc' 
paired.  Thui,  a  utrmm  of  rMemteal  ttibHanffg  mni/  h<;  oonenvtdof  aa  Jlutting  tftrouyh 
Mu«0/«,  Ou  Tfiw  nvUerial  brought  bff  Oie  btood  [ptQtOixr  tciVi  the  tutrogenoH*  eUinenU 
attll  riLwiining  in  tfte  mutoU)  being  gradutUfff  <miterted  into  true  ccmtraelile  stuff,  wfiieh 
OM  gmduaL'ff  breaka  doien  ngat'n,  voftiit  the  mit*tite  in  nt  rent ;  lehen  a  eontraciion  take* 
ptttet,  the  dfeomponihn  u  tMetMive  aiut  riafeiit.**  It  wilt  be  observed  that  the  explana- 
tion presented  in  the  text  of  the  phenomena  of  DutritJon,  is  based  upon  Vcit's  views 
as  to  the  seat  of  the  oxidAtinn.i,  ainc«  it  seems  to  the  writer  that  they  afford  the 
simplest  explanation  of  thc!4e  phenomena. 
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mutton-suets,  butter,  the  oil  of  milk,  of  the  yolk  of  eggs,  aad  the  tattf 

marters  of  the  hile  and  brain;  u\so  th(»  fatty  ar'tds,  butyric,  caprii',  and 
caproic;  and  the  ve^table  oils,  including  tbuse  contAJned  in  c-oru  and  ajit.*i 
and  uther  seedii  and  fruita. 

Xhe  percentage  composition  of  the  principal  fata  is,  carbon,  79 j  hydro- 
gen, 11;  oxygen,  10,     The  chemical  formula  ia  (/i»HiaO. 

It  is  evident  (rum  the  above  eiiuineratiou  that  they  are  contained  in 
both  animal  and  vegetable  food. 

The  chief  fats,  olein,  stearin,  margann,  and  palmatin  (neutral  fats),  are 
compounds  of  a  fatty  acid,  oloic,  stearic,  margaric,  and  palmatic,  cj^m- 
bined  with  a  liypotlietical  radical  callHd  the  oxide  of  lipyl.  On  decompoai- 
tion  of  any  one  of  these  fata  by  contact  with  alkalis — that  ia,  by  saponifi- 
cation— this  principle  takes  up  an  equivalent  of  water^  and  becomes  the 
well-known  substance  f/Zycrr/'H,  which,  according  to  the  old  chemistry,  was 
rcganled  as  a  hydrated  oxide  of  lipvl-  According  to  the  new  uomencU- 
ture,  it  is  Kjyropenyl  alcohol,  and  its  formula  is  CiHiOi. 

Stearin  is  the  hardest  of  the  fats.  It  ia  solid  at  ordinary  temperaturHs^ 
and  is  the  chief  constituent  of  fnts  thus  solid;  but  it  exists  to  a  greater  or 
less  extent  in  most,  if  not  all  animal,  though  not  in  vegetable  fats.  It 
melts  at  a  temperature  of  145°  F.  (03-71**  C.\. 

Okln  is  iluid  at  ordinary  temperatures,  being  the  chief  constituent  of 
the  fluid  fats  or  oiUi^  most  of  which  are  derived  from  the  vegetabid  king- 
dom, as  olivc-oil,  lins<>ed-<iil,  etc.;  but  it  is  also  founrl  in  antrnal  fats. 

Pffhnutin  is  a  fat,  also  solid  at  ordinary  temperatures,  melting  above 
liy**  F.  (45°  C).  It  is  for  the  most  part  a  vegetable  fat,  being  be«t  made 
from  palm-oil. 

^f'jrj/arhi  is  now  believed  to  be  a  miicture  of  olein  and  stearin.  It  is 
intermediate  to  them  in  coosistencv. 


77i«  Uaes  of  J^s. 

Fats  arc  digested  in  the  small  intestine,  chiefly  by  the  agency  of  the 
pancreatic  juice,  by  which  they  are  emulsified,  or  reduced  to  a  minute 
state  of  subdivision.  Thus  emulsified,  they  are  :il»8orbed  by  the  laeteaJs 
in  the  villi  and  carried  through  the  mesentery  into  the  pancreatic  duct,  and 
thence  into  the  venous  system. 

The  uses  of  the  fats  are  two;  Jirstj  force-production  (heat  and  me- 
chanical energy);  second^  the  formation  of  fatty  or  adipose  tissue.  First, 
in  the  riMe  of  a  force- producer,  the  process  is  precisely  similar  to  that  in 
which  the  force-moiety  of  nitrogenous  food  is  wnrki»ii  up,  by  the  oxida- 
tion of  its  carbon  and  hydrogen  iit  the  blood.  It  is,  therefore,  unneces- 
sary to  go  into  any  details  farther  than  to  show  that  for  these  purposes 
fats  are  the  most  ellicient  of  all  the  fofxls. 

It  has  nlr*-ady  been  shown,  in  estimatinjr  the  force-value  of  nitrogi*- 
nous  foodflliat  after  the  removal  of  the  elements  to  form  urea,  and  the  d**- 
duction  of  the  hydrogen  required  to  convert  the  remaining  oxygen  into 
irater,  there  remained  4C.8C  parts  of  carbon  and  3.15  of  hydrogen  free  to 
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he  oxidized  by  oxygen  supplied  in  respiration,  and  that  these  amounts  of 
carbon  and  Iiydrtjgen  would  require  150  parts  of  oxygen  to  convert  them 
into  carbonic  acid  and  water.  Now,  fat  contains  70  parts  of  carbon,  11 
of  hydrogen,  and  10  of  oxyjcren.  The  10  parts  of  oxyiB^n  will  take  1.34 
parts  of  the  hydrogen  to  form  watnr,  Ipaving  7fl  parts  of  carbon  and  9.7C 
of  hydrogen  to  be  oxidized,  by  oxygen  from  without.  Tlie  amount  re- 
quired  to  convert  this  into  carbonic  acid  and  water  is  293  parts  of  oxygen, 
or  nearly  twOje  <is  mttch  a/*  lOO/JcrM  o/' alhtt/neu  rf^f/uire. 

There  can  be  no  doubt  wliatevtT  that  this  is  an  t?xact  measure  uf  the 
beat-producing  power  of  fats.  And  thus  we  have  shown,  by  calculation, 
why  the  natives  of  frigid  climates,  as  the  Esquimaux,  Icolanders,  etc., 
consume  such  enormous  quantities  of  fal  as  food,  and  why  we  ourselves, 
daring  the  winter  season,  are  enabled  to  take  tnore  fatty  food  without 
discomfort  than  in  summer. 

This,  according  to  Liebig,  was  the  sole  object  of  fatly  food — the  pro- 
duction of  hoat;  force  being,  according  to  him,  duo  to  the  disintegration 
of  nitrogenous  tissues,  into  which  all  nilrogoiuius  food  was  first  converted. 
But  the  experiments  of  Dr.  Edward  Smith,  of  Pettenkof^r  and  Voit, 
with  their  delicate  apparatus  for  the  measurement  of  carbonic  acid,  have 
shown  conclusively  that  the  effect  of  increased  muscular  exertion  is  not 
in  increased  urea-elimination,  as  was  supposed  by  Liebig,  but  in  increased 
carbonic-acid  elimination,  the  measure  of  carbon  oxidation. 

The  second  purpose  of  fatty  food,  the  formation  of  adipose  tissue, 
takes  place  when  tli  amount  ingested  is  more  than  suHicient  to  subserve 
the  heat  and  mechanical  force-demands  of  the  economy.  Adipose  tissue 
is  more  or  less  present  in  all  persons,  filling  up  the  intersticps,  and  round- 
ing the  outlines  of  the  form,  while  it  is  excessive  in  fat  persons.  It  is 
also  intimately  incorporated  with  the  protoplasm  of  many  nitrogenous 
tissues  of  the  body,  in  which  the  condition  in  which  it  exists  is  aptlycom- 
pared  to  an  amalgam,  whence  again  it  is  sometimes  separated  in  the  well- 
known  pal  hological  phenomenon  of  fatty  metamorphosis.  Thus  present,  it 
performs  the  double  role  of  maintaining,  by  its  non-conducting  properties, 
the  wannth  of  the  body,  and  of  serving  the  purpose  of  a  store-house  of 
carbon  and  hydrogen,  whence  it  is  ahsorlied  when  the  amount  supplied  by 
the  food  is  insuflicient  to  supply  the  forco-dcmnnds  of  the  economy.  It 
is  well  known  that  when  man  and  the  lower  animals  are  deprived  of  food, 
those  endure  the  longest  which  are  fattest. 

The  same  question  as  to  the  exact  scat  of  the  oxidation,  whether  in  the 
blood  or  in  the  tissues,  may  also  be  raised  with  regard  to  thr  hydrocarbo- 
naceons  as  with  regard  to  proteid  food.  Tt  has  been  stated  that  hydro- 
oarbonaceoua  matter  is  intimately  comming]t>d  with  nitmgennua  matter  in 
Inuscular  tissue,  and  it  may  be  in  this  situation  that  it  is  oxidized,  or  it 
may  be  while  floating  in  the  blood.  The  question  must,  for  the  present, 
remain  unanswered. 

It  iniut  not  be  forgotten,  however,  that  fatty  food  can  only  be  made 
available  when  used  in  connection  with  nitrogenous  food,  .^n  atiimal 
fed  upon  fat  alone  soon  ceases  to  digest,  loses  its  appetite,  and  dies  of 
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iitarvation.  Fats  themselves  do  not  incite  metabolisni ;  indeed,  they  check 
jjroteid  metabolism,  wliilc  protcid  food  increast-s  non-iiitrojfenoua  as  wellJ 
as  nitro^nous  iiietabnlifini.  Hence,  by  the  u»e  of  a  pure  nitrogenous' 
diet,  the  fat  of  tlie  body  may  be  gradually  reduced.  Advantage  of  this 
fact  is  taken  in  the  Banting  system  of  diet,  which  has  for  its  object  the 
diminution  of  the  weight  of  the  body,  by  the  use  of  a  pure  uitrogenoiis 
diet,  and  the  omission  of  all  fats,  starches,  and  sugars. 

Saccharine  and  Amyulcboub  Principles — Autloida. 

These  include — Ist,  the  starches  (of  potatoes,  rice,  sago,  tapioca,  of  tba  I 
seeds  of  leguminous  plants,  of  the  grains  and  of  the  green,  succulent  parts] 
of  vegetables),  and  dextrin;  ^d,  the  sugars,  including  cane-,  honey-, J 
grape-,  and  beet-sugars,  sugar  of  milk,  liver-sugar,  inosite  or  the  sugar  of  1 
muscle;  3d,  the  gums  and  mucilages  of  fruits  and  vegetables,  cellulose, i 
lignin  or  woody  fibre. 

These  arc  also  called  carbohydrates,  being  composed  of  carbon,  by 
drogen,  and  oxygen,  with  the  latter  two  in  the  proportion  to  form  water. 
it  is  evident,  also^  that  their  chief  source  is  the  vegetable  kingdom. 

Tub  Starches. 

Starch  (C«H,.Ot)  is  an  ingredient  of  most  edible  regetables  and  fruits, 
and  makes  up  a  large  proportion  of  Ine  various  grains,  seeds,  anil  roots 
which  arc  \iscd  as  food  for  men  and  animals.  It  exists  in  the  shape  of 
minute  granules  from  Yshsv  ^^  r^  ^^  *^"  ^''^^  ^'^  diameter,  the  largest  of 


AfTtrw-root. 
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Potato. 


which  are  characterized  hy  their  peculiar,  laminated,  concentric  arrange- 
ment, with  slightly  excentric  depression  or  hilum.  The  granulei)  are  de^ 
cideilly  different  as  derived  from  different  sources.  Tlms^  in  the  j»ot<zio, 
their  range  in  siste  is  greatest,  covering  the  limits  nomed  above.  Th«y 
are  irregularly  pear-shaped,  and  their  concentric  markings  are  very  dls- 
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tinct.  Those  from  tirroir'ront  orp  smaller  and  morn  uniform  in  size,  rang- 
ing^  ^nerally,  beiwecn  j^jrxf  And  ^Jq  of  an  inch.  They  are  more  ova!  in 
itbap«,  and  their  concentric  marking^t,  thouErh  rliatinct,  are  less  so  than 
in  the  potato;  and  the  hilum  sometimes  has  the  shape  of  a  transverse  slit. 
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The  granules  of  \ehe<U-etarx^h  are  still  smaller,  from  j^^^  to  ii^  of  an 
inch  in  diameter,  nearly  circular  in  outline,  often  flattened,  and  very  sel- 
dom present  a  hilum.  There  is  no  distinct  concentric  marking.  Tlie 
st&rch-grains  of  imlian-corn  are  similar,  but  more  distinctive,  and  instead 
of  the  usual  bilura,  sometimes  present  a  crossed  or  radiating  marking. 
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The  starch  granules  of  rfotf  ar*  very  small,  the  smallest  of  all  commercial 
starches;  being  about  yjVff  ®^  ^"  i"<^''  •"  diameter.  They  are  irregularly 
polygonal  in  shape.  OfU-starch  gmtiulen  are  ipiite  variable  in  size,  six 
tneftsurements  by  Mr.  Geo.  Jackson  giving  a  range  in  diameter  of  from 
TTrhirs  ^  mVj  ^^  '"  inch.  They  are  triangular  and  polyhedral,  present 
uo  evident  concentric  markings,  and  by  no  means  always  a  hilum. 
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Starch  granules  are  reaHily  recognized  by  tlio  bright-blue  color  they 
promptly  strike  on  the  addition  of  iodine.  They  are  iitttoluble  in  cold  water;  t 
but  in  hot  water  they  swell  up,  promptly  lose  their  mnrjiholog'ical  j>eculi- 
arities,  finally  burst  and  f«w,  forming  a  homogeneous  mass,  which  v*rie 
iu  conitistenee  with  the  quantity  r>f  water  present.     In  this  shape  starcti 
m&y  Btill  be  reoognixed  by  the  iodine  reaction. 

Starch,  as  a  food  principle,  ts  derived  solely  from  the  vegetable  kiuj 
dom.     The  eluef  articles  of  food  which  contain  it  are  indian-com,  wheat,' 
rye,  oata,  rice,  potatoes,  beans,  peas,  arrow-root,  saga,  tapiuoa.     None  of 
them,  of  course,  are  purely  made  up  of  starch.     The  following  t«bl©  ex- 
hibita  the  proportion  of  starch  in  100  parts  of  each  of  the  articles  named. 


Rice 86.07 

Maize 80.92 

Barley-meal 67.18 

Rye-meal 61.07 

Oatmeal 59.00 


Wheat-nour 72.001 

loeland  moss , .  .44.60'J 

Kidncy-bcan 35.S 

Peaa 32.4*1 

PoUto 15.70 


Starch,  in  its  unchanged  state,  la  a  colloid^  totally  incapable  of  ab- , 
sorption,  even  in  thin  mixtures  with  warm  water.     In  the  act  of  dige»^ 
tion,  therefore.  It  is  converted,  first,  into  dextrin,  and  then  into  grape* 
sugar.     There  are  at  least  two  digestive  fluids  which  possess  this  power — 
the  saliva  and  pancreatic  juice.     It  is  generally  thought  that  starch  is  too 
short  a  time  in  contact  with  the  saliva  during  its  passage  through  the 
mouth  to  be  much  influenced  by  such  contact;  but.  although  this  is  probably 
true  of  uncooked  sturch,  yet  it  is  a  fact  that  it  is  not  possible  to  introduce 
boiled  starch  in  the  mouth  and  remove  it  sufficiently  soon  to  avoid  the 
conversion  of  much  of   it   into  grape-sugar.      It  seems,  therefore,  not 
unlikely  that  in  the  few  minutes  during  whi»1i  the  starch  of  cooked  articles  i 
of  food  is  subjected  to  the  saliva  in  the  act  of  mastication,  a  consider-1 
able  portion  is  thus  converted.    It  is  also  probable,  however,  that  tb<»  con- 
version takes  place  chiefly  through  the  action  of  the  pancreatic  juice,  after 
the  food  has  pa.sscd  from  the  stomach  into  the  .small  intestine.     Thus  con- 
verted, the  grajw-sugar  is  promptly  absorbed  by  the  capiUariea  of  the 
villi,  and  passed  thence  into  the  portal  vein  and  liver. 

Dextrin  {C,H,oO,)  is  a  sweet  substance,  very  adhesive  in  its  solutions, 
identical  in  composition  with  starch,  whence  it  is  derived  by  the  action  of 
heat,  minora!  acids,  and  diastase^  a  ferment  which  is  developed  during  the 
germination  of  barley  and  other  grains.  Dextrin  does  not  exist  as  such  in 
nature,  but  all  starch  in  its  transition  into  grape-sugar  or  dextrose  first 
becomes  dextrin.  Although,  artificially,  dextrin  may  be  produced  and  re- 
tained as  such,  it  is  not  likely  that  in  the  prttcess  of  digestion  it  maintains 
itself  as  dextrin  for  any  length  of  time,  but  passes  quickly  into  grape- 
sugar 

Thv  Stro  1.118. 

Of  these  there  are  several,  some  derived  from  the  animal  kingdom, 
but  mainly  they  are  found  in  the  vegetable.     Among  the  vegetable  Mtgart 
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are  cano*8ugAr,  grap<>-sugar,  beet-sugar,  gluoose  or  sugar  of  starch,  and 
honey.  The  latter  is  a  mixture  of  several  viiriotKw  of  sugar  collet^ted 
from  the  sweet  juices  of  flowering  ]>latits,  urid  itK^luilns  among  tliom  <>ai)c- 
and  grape-sugar.  The*e  are  rniiigleii  witli  a  small  nmuunt  of  animal  mut- 
ter. Among  animal  mtffan  are  sugar  of  milk,  liver-sugar,  and  inosite, 
or  muscle-sugar. 

Cti9i^  mgttr  (C|«HnO,i)  is  contained  in  solution  in  the  juices  of  the 
stem,  roots,  and  other  partM  of  various  plants,  particularly  the  su-called 
sugar-cane,  which  is  cultivated  fur  tin*  sugar  it  contains.  It  is  frystallia- 
able,  and  is  the  form  of  sugar  most  used  as  food.  Although  not  a  neces- 
sary condition  of  its  absorption,  cane-sugar  is  probably  almost  totally 
converted  into  gni[}e*sugar  in  the  alimentary  canal  previous  to  absorp- 
tion. Evidence  of  this  is  found  in  the  fact  that  when  cane-sugar  is  in- 
jected into  the  blood,  it  is  excreted  as  such  by  the  kidneys;  whereas  if 
an  excess  of  sugar  \^  taken  into  the  stomach,  it  is  excreted  as  gra|)e-BUgar. 
Tliis  change  in  cane-sugar  is  most  likely  wrought,  partly  by  the  action  of 
the  pancreatic  juice,  and  is  partly  tlui  result  uf  the  nietubutisin  always 
taking  place  among  organic  substances  in  the  small  intestine,  it  is  well 
known  that  the  admixture  of  sugar  witii  decomposing  animal  mattern, 
outside  of  the  economy,  results  similarly.  Cane-sugar  is  readily  converted 
into  grape-sugar  by  boiling  with  a  little  sulphuric  acid.  It  does  not  reduce 
the  oxide  of  copper, 

Cfrape •»!*(/' I r  nr  flextrone  (C.HjjO,,  H^O)  is  contained  in  the  juice 
of  grapt>s  and  otlier  fruits,  while  it  is  also  the  form  of  sugar  into  which 
starch  and  cane-sugar  are  conv'^rted  by  natural  and  chemicsl  means.  It 
is  the  sugar  of  pr*>served  fruits  and  jellieti  used  as  food.  It  retjuires  no 
special  preparation  to  lit  it  for  absorption,  hut  it  aometimes  undergoes 
conversion  during  digestion  into  lactic  add.  This  change  is  perhaps  path- 
ological rather  than  physiological,  and  probably  gives  rise  lo  one  form  of 
acid-dyspepsia;  it  is  readily  uccomplished,  since  grape-sugar  has  only  to 
lose  its  water  to  acquire  the  same  elements  in  the  same  relative  propor- 
tioiu  as  lactic  acid. 

Seetroot-aiiffftr  is  similar  to  cane-sugar,  except  that  it  is  harder  and 
more  insoluble  than  cane-sugar.  Large  quantities  of  beautiful  white  loaf- 
sugar  are  made  in  France  from  the  juice  of  beet-roots,  and  its  production 
is  now  claiming  considerable  attention  in  some  sections  of  the  United 
States. 

Glucose^  it  has  already  been  said,  is  the  sugar  into  which  Starch  is 
ca|>able  of  conversion,  and  is  identical  with  grape-sugar.  J/otiet/,  as  has 
been  stated,  is  a  mixture  of  grape-  and  cane-sugar  with  a  small  amount  of 
organic  matter. 

Of  the  atiimal  sxtgarn^  mtfftrr  of  mill;  or  Isctine,  is  the  best  known. 
Its  fonnula  is  C„H„0,i,  H,0.  Its  name  indicates  its  source — the  milk  of 
animals,  whence  alone  it  is  derived.  It  is  similar  to  grape-sugar  in  acme 
of  its  properties,  but  is  more  difficult  of  solution,  and  harder. 

/.lufr-jw^ar  (C»  H„0*  or  C|H„0,-)-H,0)  is  found,  after  death  In  the 
substance  of  the  liver  in  considerable  quantities.     It  was  first  discovered 
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by  Bernard,  in  1853.  There  is  some  difference  of  opinion  as  to  whether 
bugur  exists  uh  sudi  in  the  living  liver.  Pavy,  MucDnnnetl,  Hn<l  nthi^rs 
deny  thut  it  exists  diiritig  life,  as  such,  but  contend  that  there  exists  in 
il6  tttead  the  amyloid  substance,  also  discovered  by  Bernard  and  nauied  by 
him  glycogen.  It  has  also  been  called  zosmylin  or  animal  dextrin.'  This 
is  promptly  converted  into  glycogen  by  tlnj  pre-aencc  of  any  dead  oi^nic 
matter;  bo  that  immediately  after  ileath  the  irunversiou  t^kcs  place.  He- 
cent  repelitloiis  of  the  experiments  on  the  subject  by  Flint,  Jr.,  Lusk,  and 
Daltoii,  of  this  country,  reaflirni  the  original  position  of  Bemurd,  that 
sugar  is  produced  in  the  liver  during  life,  independently  of  the  food  con- 
sumed, although  the  use  of  starchy  matters  and  of  sugar  as  food,  greatly 
increases  tlie  quantity  produced.  Still  more  recently  (1877),  Dr.  I'avy 
has  re-examined  the  entire  question  with  the  aid  of  improved  metbods  of 
testing  for  sugar,  and  reaffirmed  Ins  position.  These  studies  are  published 
in  the  treatise  referred  to  in  the  foot-note.  That,  when  present,  the 
sugar  is  produced  in  the  cells  of  ihe  liver,  and  not  in  the  blood,  is  proved 
by  the  fact  that  the  blood  of  the  organ  may  be  thoroughly  washed  out 
and  subsequently  a  stream  of  water  passed  through  until  no  sugar  is  longer 
present;  then,  after  a  short  time,  sugar  again  makes  lis  appearance  in  the 
liver,  as  may  be  proved  by  applying  Trommcr's  tcai  to  a  deccwtion  of  the 
organ.  It  also  exists,  to  a  slighter  degree,  in  muscle,  white  blood*oorpus- 
cles,  the  testea,  brain,  and  placenta,  while  the  tissues  of  the  embryo  at  an 
early  stage  contain  a  large  pro]>ortion. 

Liver-sugar  is  identical  in  chemical  composition  and  properties  to 
grape-sugar  and  glucose. 

Inosite,  or  muscle-sugar,  is  another  sugar  usually  termed  animal,  al* 
thouQ;b  it  is  found  in  very  small  quantities  in  animal  tissues,  and  abun* 
dantly  in  vegetables.  Its  formula  is  put  down  as  CiHia04+*iH,0.  It  was 
first  discovered  by  Schcrer  in  hoart-muscie;  but  Cloetta  also  found  it  in 
the  lungs,  kidneys,  spleen,  and  liver,  and  MUller  in  the  brain.  It  also 
occurs  in  diabetic  urine  an<l  lliat  of  Brighl^s  disease. 

Gum  (C|,H^On)  is  familiar  to  all  as  the  transparent  exudation  often 
Been  on  the  bark  of  trees.  It  is  found,  however,  in  the  juices  of  nearly  all 
plants.  When  pure,  it  is  tasteless  and  colorless,  and  when  mixed  with 
water  produces  an  adhesive  fluid,  or  mucilage.  It  is  converted  into  sugar 
by  boiling  with  sulphuric  acid.  It  is  a  colloid  substance,  of  extremely  low 
osmotic  position,  and  tht^reiare  neces-sarily  low  in  nutritive  qualities,  un- 
less it  be  converted  during  digestion  into  a  more  diffusible  substance,  aa 
sugar,  as  to  which  them  is  as  yet  no  evidence. 

Ceiltiloae  (C„nK,0,i)  is  the  substance  forming  the  basis  of  the  cell-walle, 
fibres,  and  vessels  of  plants.  Cntton,  linen,  and  elder-pith  are  nearly  pure 
cellulose.  It  is  quite  insoluble  in  digestive  fluids,  and,  when  taken  into  the 
alimentary  canal  with  food,  is  passed  out  with  the  fieces  unchanged.    It  is 


'  Id  bis  KMtent  worJc.  entitled  Points  coimeoted  with  Diubetes,  London.  tS78.  Dr. 
Pavf  Bup^csta  the  tuimo  '*  D«rniirdjn  "  for  this  RnbnLaiice,  out  of  oonoidersUon  to  the 
grt^C  ph^'siolofist  to  whom  vrti  ure  indebted  (or  onr  litiowled^  of  its  exuteaoa 
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•olabto  in  tho  more  powerful  uhoinicut  agents,  as  potash  and  tlio  mineral 
Aoids  ;  and  by  tho  aetir>n  of  sulphuric  acid  and  beat  it  i»  converted,  first, 
into  dextrin,  and  then  into  grapr-sugar. 

Li'jnin  or  \so<fdij  fibre  (L\HiuO»)  la  the  chief  solid  matter  deposited 
within  the  woody  fibre,  and  is  the  element  whiuh  given  it  Us  firmnefts.  It 
is  similar  to  cellulose  in  its  resistance  to  the  artion  of  the  digestive  fiuida. 

Pefitut  is  the  basis  nf  VBgntable  jellies.  It  \&  found  in  moHt  fruits  and 
many  vegetables,  hut  in  quantity  too  small  to  be  of  Qiuch  importance  aa 
&u  alimentary  principle. 

Vtea  of  the  Carbohyflratea, 

It  is  evident,  from  tha  above  considerations,  that  the  most  important 
members  of  this  group  of  carlKihydrates  reach  the  circulation  in  tho 
shape  ot  grape-sugar.  The  study  of  their  fate,  therefore,  becomes  the 
study  of  the  fate  of  grape-sugar  after  absorption.  It  haa  already  been 
stated  that  an  abundanoe  of  such  sugar  is  found  in  the  liver  after  death, 
that  it  i?  even  found  there  when  the  animal  is  fed  upon  a  non-nitrogeiioua 
diet,  but  that  it  is  very  much  increased  by  the  use  of  amylaceous  and 
saccharine  food.  It  has  also  been  said  that,  in  the  living  liver,  tho  sugar  is 
not  store'!  up  as  such,  hut  escapes  in  the  shape  of  a  starch-like  substance 
called  by  Bfrnard  fflfjcogen^  into  which,  according  to  this  experimertter.  the 
saccharine  and  amylaceous  principles  must  be  converted  bcfor^they  bocomo 
tirer-augar'  This  glycogen,  again,  according  to  Bernard,  Is  being  constantly 
convertetl  into  sugar,  which  is  passed  into  the  bhxid  and  out  of  the  liver 
by  the  hepatic  vein.  According  to  Pavy,  on  the  other  hand,  the  glycogen 
thus  resulting  is  not  converted  into  livcr-sugnr  during  life,  but  is  there 
converted  into /"a/,  of  which  it  is  a  preliminan,'  stage  intermediate  between 
sugar  and  fat.  Certain  it  is  that  animals  fed  upon  saccharine  and  amyla- 
ceous food,  together  with  fatty  food,  increase  the  amount  of  their  fat  over 
and  above  that  which  could  be  supplied  by  tho  fat  alone.  On  the  other 
hand,  we  have  no  proof  that  sugar  can  he  oxidized  in  the  blood,  either  in 
the  lungs  or  systemic  capillaries,  although  this  was  at  one  time  supposed 
to  be  the  case.  But  tile  view  of  Bernard,  which,  to  say  the  least,  has  not 
been  sulfi(Mently  disproved,  may  still  bo  correct.  K'jr,  as  Dr.  Foster  sa}^, 
there  may  be  a  certain  percentage  of  sugar  necessary  to  a  proper  com- 
position of  blood.  This  may  be  drawn  upon  by  tho  tissues,  and  especially 
muscular  tissue,  which  is  knoivn  to  contain  siljtfar,  and  which  it  may  require 
as  an  essential  element  of  its  contractile  substance.  In  either  event,  tho 
glycogen  of  the  liver  may  be  looked  upon  as  a  reserve  fund  of  carbohy- 
drate material,  a  view  which  is  sup^rte<l  by  tho  analogous  migration  of 
starch  in  the  vegetable  kingdom.  It  is  well  known  that  the  starch  of  the 
leaves  of  the  plant,  wliether  huviiig  passed  through  a  glucose  stage  or  not, 
is  converted  into  sugar,  carried  down  to  the  roots  and  other  parts,  where 
it  is  again  converted  into  starch.     80  the  grapC'SUgar,  into  which  the 

'  It  tntist  be  remembered  tlmt  tingiu-  requiten  only  to  be  delijrd rated  to  l>e  oaavertod 
iBtoateeoh,  as  search  require  bat  to  be  b^^drated  to  be  coarertcd  into  augar. 
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Btarchy  and  aaccbarine  principles  are  converted  before  absorption,  mav  be 
converted  :n  the  liver  into  glycogen,  in  the  shape  of  which  it  may  be  there 
stored  up,  and,  little  by  little,  reconverted  into  sugar,  passed  into  the  cir* 
culation  and  taken  up  by  the  muscular  and  other  tissues  which  reijuirc  it. 

Acconling  to  either  view,  the  measure  of  the  xiltiinate  amouiii.  of  force 
produced  is  the  same.     If  the  view  of  Bernard  be  correct,  and  the  sugar 
passed  into  the  blood  is  taken  up  by  the  muscles  to  form  their  contrac- 
tile tissue,  it  is  used  up,  oxidized,  in  the  motubolism  of  muscular  con-J 
traction.      If  I'nvy  be  right  in  staling  that  the  glycogen  of  the  liver  ii 
converted  into  fat,  the  force  resulting  will  be  represented  by  the  oxicU- 
tion  of  the  fat;  and  as  only  the  amount  of  carbon  and  hydrogen  contained ■ 
in  the  carbohydrates  can  become  the  carbon  and  hydrogen  of  the  resuluf 
ing  fat,  the  force  pniduceii  will  be  represented  by  the  oxidation  of  tbes 
elements.     But  tlie  peculiarity  of  the  carbohydrates  is  that  the  hydrogen 
and  oxygen  exist  in  the  proportion  to  form  water,  so  that  the  carbon  alonfl 
remains  to  lie  oxidized.      Hence,  the  maximum  force  which  c-an  jKwsihly 
rcKult  frnin  thn  oxidation  of  the  curbohydrateji  must   be  considerably  less 
than  that  from  the  fats,  because  in  the  latter,  in  addition  to  the  carbon, 
there  remains  aSso  some  hydrogen  to  be  oxidized. 

The  following  table,  from  Pavy,'  will  show  the  relative  value,  as  force- 
praducars,  of  the  carbohydrates,  compared  with  nitrogenous  and  fatty 
principles:    4 

AtDouat  of  cnTKBR         Uolu  of  bMl  pro- 
nqnUvd    to  osl-  dooMt  bjr  oxldKtlaa 

iHso  100  (MTtK,  M  «f   anr   gramme 

oxhlktloo    uovun  (1S.4U  RntlaiX  >• 

wllhln  Uto bortj  oxtttotlon  acoiir* 

wltUo  U>«  bodj. 

Grape-sugar 106  ^^It 

Stamh 120  391i3 

Albumen 150  4^63 

Fat 293  9000 

It  is  scarcely  necessary  to  repeat  that  experimont  anil  observation  biiv« 
abundantly  Bliuwn  that  amyloid  substances  alone  are  inca])able  nf  sustain- 
ing life.  Even  when  mixed  with  other  principles,  any  excess  of  them  is 
found  to  appear  in  the  urine  in  the  shape  of  grape-sugar. 


II. — Indireci'  Alimknt. 

Under  this  head  are  included  substances  chiefly  inorganic,  but  inolud- 
ing  also  some  organic,  which  are  not  chemically  change<l  in  their  cour»e 
through  the  body,  but  pass  out  dissolved  in  the  Becretitins  in  the  samo . 
chemical  condition  and  in  nearly  the  same  quantities  in  which  they  are 
ingested.  They  cannot,  therefore,  be  regarded  as  producers  of  force.  At 
the  same  time,  many  of  them  become  important  constituents  of  various 
tissues  of  the  body,  bt>lh  solid  and  lluid.  This  division  includes,  also, 
certain  organic  substances,  which  contain  a  principle,  either  alone  or  in 
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addition  to  other  iilimentary  matters,  the  effect  of  which  is  to  diminish  the 
wastes  of  the  economy.  These  substuncus,  although  not  indispensable 
aa  food,  are  used  by  so  large  a  proportion  of  the  nations  of  the  earth  as. 
to  become  a  most  important  article  of  commerce.  They  have  received 
the  D*me  of  acce«9ory  foodt  or  accessory  articles  of  diet. 


1.  Liorganic  Fhod. 

This  is,  at  least,  the  most  indispensable  division  of  indirect  aliment. 
Under  it  are  included  water  and  watery  solutions  of  certain  inorganic 
principles,  viz.,  sodic  and  potassic  chlorides,  aodic,  potassic,  and  calcic 
phosphate,  caJoic  carbonate,  etc.,  together  with  iron,  sulphur,  silica,  and 
other  elements  enterinj*'  into  the  composition  of  some  of  the  more  com- 
plex principles  of  food  already  coiisitlertHl.  These,  except  water  and  sodic 
chlorides,  are  contained  in  ordinary  articles  of  food  in  requisite  proportion^ 
and  therefore  do  not,  as  a  rule,  require  to  be  especially  ]irovided. 

The  precise  mode  in  which  these  substances  becon»e  useful  and  indis- 
pensable is  not  known.  It  requires  iiu  re;isuning  to  show  that  water  Is  an 
absolutely  essential  article  of  food.  Sodic  chloride,  or  common  salt,  pre- 
sents us  with  one  of  the  most  familiar  illustrations  of  an  indispensable 
saline  substance,  the  necessity  of  which  has  been  over  ami  over  again 
demonstrated.  Its  importance  might  be  inferred  from  its  well-known 
eolvent  properties  over  albuminous  substances,  with  which  we  became 
familiar  in  our  study  of  these.  Experiment  has  also  been  brought  to  bear 
on  this  question;  and  among  the  best-known  results  are  those  of  Boiis- 
singault,  who  fed  six  bullocks  with  an  abuttdauco  of  nutritious  food,  but 
to  throe  of  them  (lot  No.  1)  gave  aJso  .500  grains  of  salt  per  day,  while 
the  remainder  (lot  No.  2)  received  no  salt.  "  l^nti]  the  end  of  March 
(the  experiment  began  in  October)  the  two  lots  experimentetl  on  did  not 
present  any  marked  difference  in  their  appearance;  but,  in  the  course  of 
the  following  April,  this  difference  became  quite  manifest,  even  to  an  iin- 
praotUed  eye.  The  lot  No.  'i.  ha«.l  then  been  without  salt  for  six  months. 
In  the  animals  of  both  lots,  the  skin  had  n  6nc  and  suHittantial  texture, 
easily  stretched  and  separated  from  the  ribs;  but  the  hair,  which  was 
tarnished  and  disordered  in  the  bullocks  of  the  second  lot,  was  smooth 
and  glistening  in  those  of  the  first.  As  the  experiment  went  on,  these 
characters  became  more  marked;  and  at  the  be^nning  of  October  the 
amraals  of  lot  No.  2,  after  going  without  suit  for  an  entire  year,  presented 
a  rough  and  tangled  hide,  witli  patches  here  and  there  where  the  skin  was 
entirely  uncovered.  The  bullocks  of  lot  No.  1  retained,  on  the  contrary, 
the  ordinary  aspect  of  stall-fed  animals.  Their  vivacity  and  their  frequent 
attempts  at  mounting  contrasted  strongly  with  the  dull  and  unexcitable 
aspect  presented  by  the  others."' 

It  is  also  well  known  that  animals  will  travel  long  distances  in  search 


'    DnltoD :  Phyaiolof^,  0th  Ed.,  Philiulelphio.  187t,  p.  .17,  from  Cblmie  Agrioole, 
Paris,  IKM.  p  271. 
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of  saJt,  striking  illustration  of  which  is  found  at  the  "ult  lieks"  of  out 
Western  countrj'.  Or.  Letheby '  h&h  collncted  many  facts  bearing*  on  this 
subject,  of  which  the  following-  are  among  the  more  striking:  *'  Among 
the  Gallas,  aii<l  on  the  coast  of  Sierra  Leone,  brothers  will  sell  their  sistcn,  * 
husbaiiils  their  wives,  and  parents  their  children,  for  salt.  In  the  distriot 
of  Accra,  on  the  Gold  Coast  of  Africa,  a  imndful  of  salt  is  the  most  valu- 
able  thing  on  earth  after  gold,  and  will  purchase  a  itlave  or  two.  Mungo' 
Park  tells  us  that  with  the  Mundingas  and  Uainbaras  the  use  of  nail  i» 
such  a  luxury  that  to  say  of  a  man,  *  he  flavors  his  food  with  salt,'  is  to 
imply  that  he  is  rich,  and  children  will  suck  a  piece  of  salt  as  if  It  were 
sugar.  No  stronger  mark  of  respect  or  affection  can  be  shown  in  Muaoovy 
than  the  sending  of  salt  from  the  tables  of  the  rich  to  their  poorer  friends." 
All  of  these  iiiHliitctive  demands  are  decided  indjrns  of  the  position  of  salt 
as  well  aa  of  other  similarly  constant  inorganic  matters  as  food. 

One  of  the  effects  of  salt  would  seem  to  he  to  increase  the  rapidity  of 
tissue  metamorphosis;  while  the  free  use  of  water,  both  externally  and  in- 
ternally, seen^a  likewise  to  increase  the  tissue  chatiges  In  the  econnniv. 
At  least  such  is  the  result  of  Dr.  L.  I^hmann's"  observations  on  hip-baths; 
from  which  he  concluded  that,  .A"'*«^  they  lessen  the  action  of  tlie  pulse; 
secomUif^  that  they  increase  the  amount  of  urine  generally,  atid  especially 
of  its  water,  urea,  uric  acid,  and  fixed  salts;  thir<U\f.  that  they  increase  the 
insensible  perspiration;  and,  fourthly,  as  a  conaequencc  of  these  effects, 
that  they  promote  the  metamorphosis  of  tissue.  And  although  the  obser* 
rations  of  Uocker'  and  lAm|>e  failed  to  confirm  F^hmann^s  results,  yet 
the  former  are  .simply  negative,  and  prove  nothing  to  the  contrary;  while 
those  of  Virchow*  and  ^^'nndt  '  tend  to  eoi»tirm  them. 

From  these  facts  we  are  justiKcd  in  concluding  that  the  free  use  of  water, 
if  accompanied  by  an  abundance  of  nutritious  food,  wunld  result  in  the 
production  of  a  most  ]>erfert  state  of  the  organism,  while  its  excessivi'' 
use,  especially  when  attended  by  iiisuificient  and  non-nutritious  food, 
might  impair  the  health  of  the  individual. 

In  further  Illustration  of  the  uses  of  this  form  of  indirect  aliment,  we 
may  refer  to  the  alkaline  or  basic  godh'  phosphate-,  and  the  arid  potatgie 
phoHphaU — the  former  of  which  is  invariably  fonnil  in  the  blood,  while  the 
latter  is  the  chief  constituent  of  the  juice  of  flesh.     As  suggested  by  Dr. 


■  Lethnbr:  Od  Food;  its  Yatietios,  Cbernical  OompoaitUm.  etc.  Am.  Ed.  Kvw 
York,  1873.  p.  80. 

"  Lehmaim,  Dr.  L. ;  On  the  Aouoa  of  Baths,  in  Arohiv  dee  Tereina  fOr  gemeiiisobafk 
Arbeit.  Baud  I.,  S,  515.  aud  Buml  II.,  8.  1. 

'Bocker:  Vober  die  Wirkung  dcr  Sltz-Bfiiier,  der  Bmu«e,  nnd  dor  lUBsen  Ein- 
wiakeinn;  anf  den  AuH8ch*idnngHprooe«i.  in  MoleKchott'K  Uot^niuchun^n  mr  N»tiif- 
lohro,  Buid  VL,  Hofl  1 ,  185t>.     Lampo'n  ubHervations  were  }iabliabo<l  with  Brtcker*!. 

*  Vlrchow ;  I^yriologiscbe  Bemerknngen  ilber  da«  See-Baden,  mit  bcsonderer  Raok- 
sicht  atif  Miiidro^,  in  Vimhow'M  Aroh.  dor  path.  Aunt..  Bond  XV.,  K.  70. 

*  Wundt .  ObitervatiouH  on  tbn  luflncnoe  of  the  Wet  Sheet  ou  Excretion,  in  Arohlv 
far  wiaaen.  Heilk..  Band  III.,  S.  30. 

8«e  also  a  review  of  tbe  above  aathors  is  tbu  Britiab  and  Foreign  X^dioo-Otairuxg- 
Beview,  Vol  XXX..  1803. 
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Lethebj'f'  the  former  U  probably  concerned  in  pcoserving  the  liquitt 
coUoidftl  condition  of  albumen  and  tibrin,  and  so  keeping  them  from  being 
lost  in  secretion,  while  the  latter  i.s  on^ng^cd  in  an  opposite  duty  in  con- 
verting the  coUoidal  liquid  into  the  solid  tissues  of  the  body.  The  basic 
sodic  phosphate,  tike  an  alkaline  carbonate,  also  jtosspsses  ttte  property  of 
absorbing  carbonic  acid,  which  it  discharge:!  wUnn  tlie  blood  reaches  the 
lungs,  and  it  thus  becomes  an  important  ag^'nt  in  the  removal  of  this  acid 
from  the  body. 

The  effect  of  a  diminished  supply  of  phosphoric  acid  and  the  phos* 
phates  upon  the  proper  Hrmness  of  bone,  as  well  as  the  effect  of  their  ad- 
ministration when  the  bones  are  ilefictent  in  them,  is  well  known. 


2.    Orffftnic  Indirect  Aliment. 

A  second  division  of  indirect  aliment  includes  certain  organic  actd» 
of  animal  origin,  as  lactic  acid,  acetic  acid,  derived  from  both  animal  and 
ve<2t>tnV)I(>  sources,  and  the  vegetable  acids,  citnc,  tartaric  and  maltti. 
Acetic  and  lactic  acids  belong,  chemically,  to  the  carbohydrates,  but 
bfhav««  differently.  The  vegetable  acids  contain  oxygen  ?n  excess  of 
that  required  with  hydrogen  to  form  water.  All  of  this  group,  when 
ingested  in  iho  free  state,  acconling  to  Wolilor,  jiaas  through  the  sys* 
tern  unchanged,  reappearing  in  the  urine  When  introduced  in  com- 
bination with  alkalis,  however^  they  undergo  oxidation,  and  appear  in  the 
urine  as  carbonates.  In  consequence  of  this  fact,  they  are  constantly  used 
in  medicine  to  alkalize  the  urine. 

Their  importam^  as  food  is  amply  illustrated  in  the  effects  of  their 
long  absence  from  dietaries,  which  is  a  well-knuwu  cause  of  scurvy,  pur- 
pura, and  other  blood  dyscrasiie,  while  they  are  among  our  best  remedies 
for  these  affections. 

Afeti/*  acid  (HCtHiOj)  is  contained  in  the  juice  of  many  plants  and 
in  some  animal  secretions.  It  is  the  important  tuinstituent  of  vinegar;  but 
the  strongest  sold  in  commerce  does  not  contain  more  than  T)  per  cent. 
of  real  acetic  acid.  What  should  alone  be  called  vinegar  is  derived  from 
the  oxidation  of  eider  and  wines,  and  is  a  dilute  aqueous  solution  of  acctio 
acid,  in  which  the  coloring  matter,  salts,  and  other  constituents  of  the 
cider  and  wine,  are  also  present.  Pure  acetic  acid  is  obtained  from  the 
distillation  of  wood,  by  a  process  which  need  not  be  here  describetl;  and 
mnch  of  the  rlncgar  of  commerce  is  such  acetic  acid  diluted  with  water. 

Ziaclic  r/cirf  {H<?.H»0»)  exists  in  intisv'les,  is  a  possible  constituent  of 
gastric  juice,  is  contained  in  sour  but  not  in  sweet  milk,  luul  iu  the  prep- 
aration of  white  cabbage  known  as  sauerkraut,  in  the  last  two  situa- 
tions it  is  the  r*jsult  of  a  fermentation  of  sugar.  It  is  also  one  of  the 
acids  of  sour  bread,  where,  along  with  butyric  and  acetic  acids,  it  is  the 
restdt  of  permitting  fermentation  to  go  too  far.  The  lactic-acid  fermen- 
tation of  sugar  takes  place  in  the  presence  of  decomposing  nitrogenous 


>  Lotheby:  Op.  oit.,  p.  SO. 
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substancef*,  especially  casein.  Wheat-flour,  made  into  a  paste  with  water, 
and  left  to  stand  for  a  few  days  in  a  warm  pIacL%  becomes  a  true  lactic- 
acid  ferment,  tbc  gluten  of  the  flour  being  the  special  ferment. 

Citric  acid  (HiC«H»0,),  tartaric  aciti  (H.<;.H*0.),  and  maiic  acid 
(HtC.H.Ok)  are  found  in  numerous  acid  Iniits,  as  lemons,  grapes,  apples, 
oranj^s,  etc. 

3.  Accessory  Fhod$. 

A  third  group  of  articles,  which  belong  properly  to  indirect  food, 
though  less  essentia!  than  the  inorganic  indirect,  is  that  to  which  the 
name  w'CMory  diet  has  been  applied.  In  tliis  arc  included  alcohol,  tea, 
coflfee,  chiccory,  cliocniato,  coca,  tobacco,  opium,  spices,  etc. — artielps  which, 
though  evidently  not  indis})en sable  to  nutritibii  or  to  Hfe,  ha%*o  yet  been  so 
generally  used  by  men  throughout  all  historic  time,  and  are  so  rapidly  ex- 
tending their  use,  t!iat  they  have  benome  an  acknowledged  part  of  our 
food.  As  suoh,  they  hsve  attracted  tlu^  earnest  attention  of  physioIoginLiB 
and  physiological  chemists  who  have  laboriously  sought  to  determine  their 
inlluence. 

The  late  Dr.  Anstie,  in  the  Introduction  to  his  "  Stimulants  and  Nar- 
cotics," quoting  Von  Dibra,^  says  that — 

**  Coffee-leaves  are  taken,  in  the  form  of  infusion,  by  two  luillioiis  of 
the  world's  inhabitanta. 

"  Paraguay  tea  Is  taken  by  ten  millions. 

"  Cotm  by  OS  many. 

"Chiccory,  either  pure  or  mixed  with  coffee,  hy  forty  millions. 

"Cacao,  either  as  chocolate  or  in  some  other  form,  by  fifty  millions. 

"  Ha.Hohisoh  is  eaten  and  smoked  by  three  hundred  millions. 

"  Opium  by  four  hundred  millions, 

"Chinese  teji  is  drunk  by  five  hundred  millions. 

"Finally,  all  the  known  nations  of  the  world  are  addicted  to  the  uso 
of  tobacco,  chiefly  in  the  form  of  smoke,  nthera  by  snuffing  and  chewing." 

Prof.  Johnston  *  has  further  ilhistratwi  the  universal  us.j  of  theso  sub- 
stances ill  three  maps,  from  which  it  appears  that  no  extensive  portion  of 
the  earth*s  surface  exists  without  some  special  indigenous  narcotic  plant, 
of  which  the  natives  freely  avail  themselves,  not  only  for  medicinal  pur- 
poses, but  also  for  every-day  use.  And  Dr.  Anstie  further  adds;  "  Xor  is 
the  use  in  every-day  life  of  these  substances  an  outgrowth  of  modern  cor- 
ruption ;  on  tho  cont  rary ,  it  is  consecrated  by  whatever  sanction  immemorial 
custom  can  confer.  There  is  absolutely  no  period  in  history,  as  there  is 
absolutely  no  nation  upon  earth,  in  which  we  do  not  find  eWdence  of  this 
custom." 

It  must  l>e  aihnltted  that  then?  is  still  considerable  uncertainty  as  to 
the  precise  mode  of  action  of  theso  substances.  Tt  seems,  however, 
highly  probable  that,  so  Jar  as  their  distinctive,  active  principles  am  con- 

'  Ton  Blbra  :  IMe  aaritofcJBobea  QennRsmitt«1  and  dcr  Mcnacfa,  1853,  Pretsoa 
*  JobBfton's  rhemtstry  of  Oomnion  Life,  Vol.  I.,  London,  1S59. 
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cenied,  Uicy  arn  not  uoiivorted- into  tissuo.  And  it  is  to  thcae  princi- 
ples, in  which  the  p«culittr  property  of  the  eubstArice  resides,  that  we  now 
devote  our  coutiide ratio i^  ind  )\ot  to  other  alimentary  niattera,  iti  whiub 
some  abound, 

AlcoAoL 

The  ordinary  aleohoJ,  to  which  reference  is  here  made,  whotlier  in  ita 
purcHt  form  of  so-called  absolute  alcohol,  or  variously  diluted  in  the  shat>e 
of  common  alcohol,  brandy,  whiskey,  rums,  wine,  ales,  beers,  etc.,  is 
ctht/tic  alcohol.  It  is  composed  of  carbon,  hydrojfen,  and  oxygen,  and  is 
represented  by  the  formula  CtH40.  In  consequence  of  its  stronji^  affiuity 
for  water,  alcohol  cannot  remain  pure  when  in  the  least  degree  exposed 
to  the  atmosphere,  and  even  the  so-called  abBoluio  alcohol  in  the  purest 
state  attainable  after  repeated  distillations,  i>robably  contains  from  2  to  5 
per  cent,  of  water,  and,  immediately  on  exposure  to  air,  increases  this 
percenta^,  and  becomes  90  per  cent,  alcoliol. 

Wherever  present,  and  however  obtained,  alcohol  is  always  a  product 
of  fermentation  of  aubstaucescontaining  sugar,  which  is  niaiidy  converted 
by  this  process  into  carbonic  acid  and  alcohol.  The  alcohol  thus  formed 
exists  in  combination  with  wator  and  such  other  bodies  as  may  have  beea 
present,  together  with  small  amounts  of  substances  allied  to  ahwhol,  also 
formed  lu  fermentation,  and  called  "etliers,"  From  any  of  its  solutions 
it  is  obtained  in  a  purer  state  by  distillation.  Other  mutters  with  which 
it  is  combined  in  the  different  fluids  and  beverages  will  be  named  when 
these  are  separately  considered. 

With  regard  to  the  physiological  action  of  alcohol,  it  was  held  by  Lie- 
big,'  Bouclianlal,  Sanilras^  and  Ducbek,'that  it  undergoes  conversion  into 
hydrocarbons  (fat),  which,  in  their  oxidation,  develop  heat,  thus  perform- 
ing the  special  office  of  tfiis  class  of  food. 

More  recent  observations,  by  Dr.  E,  Smith,'  in  England,  and  JIM, 
Lallcniand,  Duroy,  and  Perriii,*  in  France,  failed  to  confirm  this  view,  hut 
went  to  show,  on  the  other  hand,  that  alcohol  is  partly  eliminated  by  the 
lungs,  skin,  bowels,  and  kidneys,  while  a  considerable  quantity  is  found  in 
the  tissue  of  the  brain  many  hours  after  the  dose  has  been  taken,  as  was 
shown  some  years  earlier  by  Dr.  Percy.'  According  to  these  experimen- 
ters, very  little  alcohol  is  destroyed  in  the  body.     Still  more  recently,  M. 


'  Idebi^ :  Animal  C'h«miRtry  in  ita  ReUtioa  to  Pbjaiologjr  and  PKlhoIogy,  translated 
\fj  Dr.  Gregory,  Loarlon.  1646. 

•  Diicbek:  Ueber  doH  Verhalten  des  AIoc^olv  itn  tbieriscbcn  OrffaaismuB,  Frog. 
Viertcljahmchnft,  X  .  :J,  1853. 

■Edw.  Hmitb,  M.D.  ;  CT^cltcaJ  ChaugeK.  London,  Mbont  1SS1 ;  kIbo,  by  tfa«  fiamo 
Author:   Foodii,  New  York,  1873.  p.  430. 

'  Lsll«ninnd.  TerriD  «t  Dnro^:  Dd  nJle  de  Taloool  et  des  sceath^tiqaef  daoi  l*or- 
gaoiame.  1860. 

'Percy:  Prix«  Tbesw;  An  Experimental  lD(|uir/ uunceralng  the  Presence  of  Aloo- 
bol  in  tbe  Ventriclea  of  tbe  Umin.  Londoc,  18S0. 
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Baudot'  in  France,  Sohulinus  in  Germany,'  and  Dre.  Anstie,'  Dupr«,* 
«nd  ThuHiohum  in  KngUrid,*  have  sitown  that  the  quantity  eliminated  by 
these  chaiitu^is  h  s*^  small,  that  it  is  insuflicient  to  account  for  the  Antiru 
bulk  which  disapp<<ars.  and  which,  they  contend,  is  consumed  in  some  way 
in  the  economy,  though  precisely  how  they  do  not  protend  to  show.  Dr. 
An£tie  '  suggests  that  moro  careful  and  extended  research  may  some  day 
show  that  alcohol  is  transformed  into  aldehyde  and  thence  into  aootic  acid, 
as  Bouohardat,  S&ndras  and  Duchek  first  attempted  to  prove  ;^  or  into 
acetic  acid,  of  which  there  ib  trttling'  evidence  in  the  increased  acidity 
of  the  urine  during  the  use  of  alcohol.  But,  with  regard  to  these  results, 
Subbotin*  says,  even  sup|Jo»tng  it  true  that  so  small  a  quantity  of  alcohol 
is  eliminated  by  the  channels  referred  to,  it  dues  not  follow  from  this  that 
the  remaining  alcohol  is  transformed  in  the  body  and  acts  as  food  in  the 
sense  claimed  for  it  by  l.iebig. 

Subbotin  experin'iented  upon  rabbits  enclosed  in  apj^aratus  in  whirh 
the  exhalations  of  the  lungs  and  skin  couM  be  collect(M)  ami  examined  for 
alcohol.  The  urine  was  also  examined  for  the  same  substance.  The 
experiments  showed  that  in  the  first  five  hours  after  the  introduction  of 
3.45  grammes  of  alcohol  into  the  stomach  of  a  rabbit,  about  H  per  cent, 
was  eliminated  by  the  kidneys,  5  per  cent,  by  the  lungs  and  skin;  and 
experiments^  extending  over  a  greater  length  of  time,  led  to  the  conclusion 
that  UHUully,  during  twenty-four  hours,  at  least  16  per  uent.  of  the  in- 
gested alcohol  leaves  the  l>ody  in  an  unchanged  condition  (or  perhaps 
as  aldehyde),. and  that  besides  this  elimination  by  the  lungs,  skin,  and 
kidney,  a  portion  of  the  alcohol  is  oxidized  in  the  organism.  Although, 
by  this  oxidation,  force  must  be  set  free  in  the  organism.  Dr.  Subbotin 
does  not  consider  tliat  alcohol  is  on  that  account  to  be  regarded  as  nutri- 
ment, for  the  functions  of  the  animal  body  depend,  according  to  hini,  upon 
the  transformation  of  living  material,  i.  c,  of  the  nonstituent  parts  of 
ihe  body,  and  not  upon  the  oxidation  and  decomposition  of  matter  foreign 
to  the  bodv. 


'  Baudot :  Union  nuMicalt*.  Septerabre  et  Novembre,  1803. 
■Schulinus:  Arohiv  der  Heilk..  ISm. 

^  AoMtie.  Ftaoois  E. .  M.  D. :  StimulantH  and  Narcotics ;  their  Ualual  BelatJOM, 
LoDdoQ,  18R4,  p.  410  etseq. 

*  Dupr6.  A.:  On  tbo  Eliminatioa  of  Alcohol ;  a  pnper  to  the  Hoyal  Societj,  sb 
•tracti'd  in  tbo  Medical  TimM  and  Oac,  Vol.  I.,  1872,  p.  190. 

*  Thudichum  :  In  Lctbebj-  on  Food.  New  York.  187.2,  p.  02. 

*  Anstie  :  Op.  cit.,  pp.  431  and  417. 

^  In  the  pajier  rufcrrud  tu,  Dr.  Duprc  not  only  staten  that  "  the  amount  of  ideobul 
eUmiaattfd  in  both  breiith  uDd  urine  la  a  minute  fraction  of  the  amount  of  nloohol 
taken."  but  also  coufinuM  certain  ubBUnrntiooB  of  JA.  Lieben.  who  boN  hbowu  that  ii  mib- 
stance  exists  in  the  urino  of  man  and  animaU  which  is  not  alcohol,  thouirU  it  jields 
iodoform,  and  ghf^  (he  grern  lyoetion  with  piiiaunc  hiehr&nuiU  niui  $»lj}fiuric  ncid.  But 
the  rooent  ex|i«rimenti  of  Subbotin,  related  in  the  text,  reafflrm  the  original  pmitioa, 
that  at  least  some  alcohol  laeUmiaated. 

*  Subbotin  :  Ou  the  Phjaiolo^cal  Importanoe  of  Aloobol  for  the  Animal  Organtsm. 
Zeitechriftr  fur  Diologie,  VII.,  3DI.  Btw,  alxu.  a|Ki|>ur  road  b^-  Prof  H-  P-  Bowditch. 
M.D,,  before  the  Boston  Society  of  Medical  Sciences  in  the  early  port  of  1873. 
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But  whktevcr  the  difficulties  in  the  way  of  atimittlng  alcoliol  among 
Ctiwuu-producing  food,  there  is  no  doubt  that  it  comes  within  the  limit* 
rof  our  definition,  which,  it  will  bo  recollected,  Uicludes  till  ftttbutam-^  tchk'h 
ilirtctly  or  imiirecttif  contribute  to  the  /trocesseg  of  nutrition,  ifhether  t/ict/ 
{/€  dirfctly  converted  into  tinsuc,  prothtve  Jorce  by  oxidation,  or  prevent 
the  tifjit ruction  of  neceitmry  element^  For  ahbough  the  testimony  as 
to  the  effect  of  the  ingestion  of  alcohol  upon  the  amount  of  carbonic 
acid  exhaled  from  the  lungs  ts  somewhat  conflicting,  yet  the  most  con- 
nt  result  would  seem  to  be  to  dvcide<lly  diminish  such  exhalation,  as 
veil  as  the  dischai^  of  urea  and  excrementitious  substances  generally, 
tius  diminishing  tlie  waste  of  the  tissues.  Among  the  earliest  ubserra- 
tions  in  this  direction  were  those  of  Dr.  William  A.  Hammond,  of  Xew 
York,  who  proved  in  expt^riments  upon  himself,  made  in  I80G,  1st,  that  if 
the  system  be  ao  nourished  that  its  weight  is  stationary,  the  ingestion  of 
twelve  drachms  of  alcohol  for  live  days  resulted  in  an  increase  of  weight 
corresponding  with  the  decrease  in  the  quantity  of  excretion,  though  this 
was  attended  by  some  disturbance  of  the  general  health  and  mental 
faculties ;  2d,  that  the  loss  of  weight  consequent  upon  insufficiency  of 
food  may  be  temporarily  arrested,  and  even  more  than  compensated  hy 
the  use  of  the  above  (juantity,  twtilve  draclmis  for  the  same  perio<l,  while 
the  unpleasant  symptoms  present,  when  an  undiminished  food  was  taken, 
did  not  appear;  3d,  that  the  increase  in  weight,  due  to  the  use  of  more 
than  sufficient  food,  is  further  augmente<l  by  the  use  of  the  same  amount 
for  the  same  period,  while  the  unpleasant  syniptuins  are  also  increased.' 
Further  experiments  by  E.  Smith '  and  others  are  not  uniform  in  their 
^ifesults,  hut  all  show  that  there  is  at  least  no  increase  in  the  carbonic  acid 
iltminated,  while  many  prove  a  diniinuiion  in  tissue  mettimnrphosis.  It  is 
true  the  late  Ur.  Parkos  says:  ''This  is  usually  stated  to  be  lessened, 
and  it  has  been  said  that  there  is  a  dimintilion  In  the  elimination  of  nitro- 
gen (as  urea)  and  of  carbon  (as  carbonic  acid).  But  the  experiments 
already  referrvd  to  by  Count  Wollowioz  and  myself  prove  that  the  meta- 
morphosis of  nitrogenous  tissues  is  in  no  way  interfered  with   by  dietetic 

*  This  is  praotioollj  also  the  de^itioo  of  Prof.  Volt,  given  in  a  note  appended  to 
Dr.  Snbbotin'f)  essay,  and  is  that  now  generally  recfrived.  That  of  the  laat-nomed 
wnt«r  is  maob  more  limited,  oud  would  eioludo  nlcohol  evca  from  indirect  food,  in 
rbich  wc  [>lac«  it.  Prof.  Voit.  on  the  otber  hand,  would  regard  alcohol  as  nutriment, 
^**ibce  under  itiinflunncA  fewer  Rnbxtanoes  ar«  decomposed  in  the  body."  But  be 
•ajrs  foTtber  that,  *'slno6  alcohol,  wheu  token  in  considerable  amount)  cause*  distarb- 
aoce  in  the  [irocemM  of  the  animal  economy,  wo  caonot  iotrodnce  it  in  quantitieH 
sufficient  fur  nouritbmeDt  an  we  do  other  nucriments.  oud  in  the  amount  which  we  con 
take  without  injury  its  import^nnce  as  b  nntriment  is  too  Rmnll  to  be  considered."  On 
thia  point  he  imys  he  agrees  entirely  with  Dr.  riubbfitiu — ''we  use  alcohol,  not  on 
aeoDunt  of  its  importance  aa  a  nutriment,  but  00  account  of  its  effects  as  a  stimulant 
or  relish." 

'  Hammond,  W.  A..  M.D.  :  The  Physiolof^icol  Effects  of  Alcohol  and  Tobacco  upon 
the  Hnmao  Syidem,  in  Thysioloiiioal  Homofra,  Philo.,  160:1,  p.  48. 

Also  American  Joucual  of  the  Uedioal  Sciences,  New  Beries,  Vol.  XXXII.,  Oct.* 
IfifMl,  p.  300. 

'  Binz  :  Jonmal  of  Anatomy  and  Physiology,  1874. 
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doses.     Whether  the  carbonic  acid  excretion  is  really  lessened  may  also 
be  questioned.'" ' 

But  most  of  the  evidence  favors  the  conclusion  that  alcohol  diminishes 
the  waste  of  the  tissues  and  renders  a  less  amount  of  food  neci»S5ary. 
Of  this  there  is  now  ample  confirmation  in  clinical  andcvcry-day  experi- 
ence. That  alcohol,  in  the  treatment  of  fever  and  wasting  diseases,  in 
some  way  supplies  the  place  uf  deficient  alintent,  is  now  an  admitted  fact, 
while  the  experience  of  those  who  are  compelled,  in  civil  or  military  life, 
to  temporarily  undergo  privations  in  which  insufficient  food  is  an  element, 
attests  the  conservative  power  of  alcohol.  This  is,  however,  not  to  be 
interpreted  as  implying  any  efficiency  in  alcohol  to  protect  against  the 
effects  of  extreme  cold. 

As  to  the  mode  in  which  this  effect  o!  alcohol  is  accomplished^  althougl) 
not  fully  established,  it  has  (terbaps  been  placed  outside  the  limit*,  of  ]»ure 
spcculHtioii.  It  would  seem  that  Prof.  Lionel  Beale,  Dr.  James  l^ss,  anri 
Prof.  Bins  arrived,  independently  of  each  other,  at  practically  the  same 
conclusion,  that  alcohol  restrains  the  rapid  tfroioth  of  t/onnr/  ceUt,^  stand- 
ings in  the  same  rank  with  quinine,  which  has  been  shown  by  ninx'  and 
others  to  possess  the  remarkable  property  of  checkini^  the  multiplication 
of  the  white  corpuscles  of  the  blood  and  the  low  organisms  developed  in 
putrefactive  processes. 

Caution  should,  however,  be  exercised  to  restrict  alcohol  to  its  legiti- 
mate position,  and  there  is  no  doubt  that  it  has  acquired  a  reputation 
in  certain  directions  which  is  fictitious.  One  of  these  is  that  of  enabling 
the  consumer  to  endure  extreme  cold  for  a  considerable  length  of  time,  an 
office  which  an  increased  quantity  of  direct  aliment  can  alone  fulfil.  To 
this  end  wo  have  the  testimony  of  numerous  arctic  explorers,  among  whom 
Dr.  Hayfis  is  very  cxplinit.  He  says:  "While  fn«h  animal  food,  and 
especially  fat,  is  absolutely  essential  to  the  travellers  and  inhabitants  in 
art^tio  countries,  alcohol  is,  in  almost  any  shape,  not  only  completely  use- 
less, but  positively  injurious."  He  admits  thut  it  may  l>e  of  temporary 
advantage  in  caitus  of  gn^at  exiiaustion  from  culd  and  exposure,  but  only  if 
more  sub.stant>at  succor  be  near  at  liand;  while  he  has  known  the  most  un- 
pleasant conse[}uencea  result  from  (he  injudicious  use  of  whiskey  for  the 
purpose  of  temjiorary  stinmljition,  and  has  known  strong,  ulile-bodied  men 
to  become  utterly  incapable  of  resisting  cold  in  c-onsequence  of  the  long- 
continued  use  of  alcoholic  drinks.* 

To  a  similar  end  is  the  experience  of  the  leaders  of  the  great  Napo- 

'  Parkea:  Praotioal  Hygiene,  5th  Ed..  1878,  p.  309. 

*  Aiurtde  ;  Reni&rka  ou  oertsui  rooemt  Papers  on  the  Action  of  AJoobol,  Praotitioner, 
No.  LXV.,Nov.,  1873. 

1  Bioz  Experimantalla  17nt«rsnchaiicf«n  Qber  das  Wesen  d«r  Obiniowirkiuig,  Ber- 
lin. 18fi8. 

Baxter,  G  Buahaosa  :  The  AoUod  of  tho  CiQchona  AUtaloids  aad  some  of  their 
Oongoaeni  od  Bacteda  and  GolorlAsH  Blood-Corpusclca,  The  Pr&cticioDcr,  No.  LXV  , 
Not..  1873. 

*  Hayes:  Obserratloiu  upon  tht  Bdlacioiu  ExUtiog  betwoea  Food  and  tha  Ca^- 
bUities  of  Uen  to  ReHtst  Low  Tampetaturw,  Amer.  Joor.  Med.  SoL,  Julj.  1859,  p.  117. 
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leonic  canipaifpi  in  Russia,  and  tho  monks  of  St.  Bernard/  h\\  of  whom 
assert  that  death  from  cold  is  acppleratod  by  alcohol,  which  reduces,  in 
truths  the  animal  temperature ;  a  fact  which  has  been  amply  conlirmed, 
firat,  by  the  clinical  experience  of  the  Ule  Dr.  Todd,  of  London,  as  well 
as  by  recent  obsen-ations  on  the  effect  of  alcohol  U{H>n  the  high  leinpeni- 
lure  of  fever.* 

Add  to  this  the  well-known  btincful  effects  of  an  excessive  indulgence 
in  alcohol — and  it  seems  to  us  qiiit«  impossible  to  separate  entirely  the 
eonsidcration  of  the  abuse  from  the  use  of  so  important  a  aubstanco^- 
&nd  there  can  belittle  doubt  of  the  propriety  of  reatrictin^  its  use,  except 
at  least  in  a  very  dilute  form,  to  those  {Xfcaaioris  where  wasting  disc^aso  or 
temporary  causes  of  fatigue  and  prostration  demand  its  conservative  and 
stimulating  properties.  These  remarks  upply  to  pure  alcohol,  and  such 
iJcoholic  liquors  as  contain  it  in  large  amounts,  as  whiskey,  brandy,  j^in, 
rum,  anil  other  liquors  containing  a  large  proportion  of  alcohol,  which 
receive  different  names  according  to  their  source  or  the  language  of  the 
country  in  which  they  happen  to  be  especially  produced  or  consumed. 

In  addition  to  the  ethylic  alcohol,  which  is  the  chief  alcohol  of  these 
liquors,  other  alcohols,  differing  in  composition,  but  similar  in  projK!rties, 
are  also  formed  i n  some  fermentations.  Among  those  are  methylic  and 
amylic  alcohol.  The  latter  is  the  well-known  fusei-inl^  which  is  present 
in  larger  proportion  in  the  more  common  forms  of  whiskey,  especially  that 
obtained  from  potatoes,  whence  »ho  name.  It  is,  however,  an  impurity 
which  is  to  he  watched  for  in  all  whiskeys,  as  it  greatly  increases  their 
intoxicating  and  other  pernicious  effects. 

Wines. 

Wines  which,  when  pure,  are  derived  from  the  fermented  juice  of  the 
^r&pe,  contain  from  8  to  25  per  cent,  of  alcohol,  together  with  other  sub- 


iRtohardson,  B.  W.  r  Popular  Science  Rat..  April.  1879. 

'  Bourier.  funy :  Effect  of  Alcohol  on  RMlucini;  thn  Tempemturo  of  the  Body, 
Phila.  Medical  Times,  Vo]  IL.  I97S,  p.  ig».  from  CeatnUbUtt.  No.  51.  Altio,  by  the 
■uiM  author:  Sindiea  Uber  Alcohol,  Boim.  1873. 

Btnz :  Uebar  die  antipyretiaohe  WirkuoK  von  Chioin  und  Alcohol,  Virohow'a  At- 
cht¥,  B.  31,  1870.  Effects  of  Aloobol  in  Ueducinf  tbo  Temperatuni  of  the  Body. 
Oct.  4,  1878. 

For  Beanlta  of  the  BeaearobcB  of  Olnger  and  lUckatdB,  so«  London  Lanoet,  VoL  n., 


Oodfrin  :  De  rAlcobol.  Parin.  1869. 

Bocin  :  Kriogschirurjfisobe  Erfahrungfen,  gesammell  in  CarlKnihe,  1870  und  1871. 

And  for  a  very  complete  biHtarv  of  the  entire  subject  from  tbe  Qnt  obser^'atioDB 
of  Lichtenrolt  and  FrohHoh  in  1852,  to  the  present  time,  Hoe  Austiu.  in  the  Pructi- 
tiocier.  Xos.  LXV.  and  LX^'I.,  NoTemberand  Decerabor,  1873.  Tbo  oppo^t«  reetilt>i  of 
Dr.  Parkea,  publinbed  in  TraoMotiouB  of  the  Royal  Swlety.  1871.  which,  from  the  hj{;h 
position  of  their  author,  mast  not  be  overlooked,  are  here  alHO  diacuitsed  bj  Dr.  Aostic, 
who  Mya  that  these  matteni  are  not  to  be  decided  in  healthy  individuija  or  in  ophom- 
•ral  pjrfexias.  In  recent  editions  of  bia  work  on  Hygiene,  Dr.  ParkuH  odiniu  a  lUiffht 
rsdaotioD  of  tempemtare  in  seme  oases. 
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stances  which  materially  modify  or  add  to  the  effect  of  pure  aicohol, 
making  them  tonics,  and  to  a  certain  extent  direct  nutrients.  Among 
iheiK-  principles  arc  sugar,  gum,  extractives,  gluten,  or,  in  its  ahseufw, 
tannin,  acetic  acid,  Baits  of  potash  and  alumina,  sodic  and  potassic  chlo- 
rides, and  carbonic  acid.  In  addition,  wines  also  contain  bodies  allied 
to  alcohol  and  formed  during  fermentation  or  in  fiubsequent  chemical 
changes,  called  ''ethera."  These  are  very  numerous — according  to  Dr. 
Duprc,  there  are  twenty-five  or  more — although  some  axe  in  verj-  small 
quantity.  Some  of  them  are  cenanthic,  citric,  malic,  tartaric,  acetic,  etc 
It  is  to  these,  and  especially  to  cenanthio  ether,  that  the  '*  bouquet "  of 
wines  is  due. 

When  the  quantity  of  sugar  which  is  present  in  the  juice  of  the  grape 
is  not  large,  all  of  it  is  converted  into  alcohol,  producing  a  dry  wine;  but 
if  the  amount  is  large,  about  !^0  per  cent,  of  alcohol  is  produced,  which  is 
sufficient  to  prevent  the  further  conversion  of  sugar,  aud  the  product  is, 
therefore,  a  stctet  wine.' 


Midi  Liquors. 

The  various  inalt  liquors,  beer,  ale,  porter,  brown  stout,  etc.,  are  pre- 
pared from  tnaltetl  or  genninated  barley  and  flavored  with  hops.  Thov 
contain  a  very  large  proportion  of  nutrient  matter  and  a  very  small  pro- 
portion of  alcohol.  Of  the  latter  they  contain  1  to  8'per  cent,,  hut  may 
reacli  10  per  cent,  in  the  strong  East  India  pale  ale,  or  even  15  per  cent, 
in  certain  English  home-brewed  ales,  stored  for  private  use.'  The  ordi- 
nary German  layer  bier,  now  so  largely  consumed  in  this  country,  con- 
tains about  'Z  per  cent,  of  alcohol,  and  is  the  weakest  and  most  hannlcss  of 
the  alcoholic  drinks.  The  nutrient  matters,  which  are  abundant,  include 
a  lai^  proportion  of  Aac^harine  and  nitrogenous  substances — sugar, 
starch. gum,  gluten,  lupulin,\-egetable  fibre,  coagulated  albumen — together 
with  phosphate  of  lime,  water,  and  a  peculiar  volatile  oil  produced  on  dis- 
tillation, which  gives  the  aroma  to  beer.  Those  constituents  give  a  tonic 
and  nutrient  property  to  the  malt  liquors,  which  make  them  most  valu- 

*  Th«  following  table.  ocmt&iaitiK  the  approximate  amoont  of  alcohol  in  roriooa 
liquorR,  is  introduoed  from  the  uru>fnl  little  work  on  Aloohgl :    its  Use  ozid  Abuse,  ^ 
by  Dr.  W.  S.  Greenfield,  18TO  : 


4 


Whiskey r»0  to  60 

Brandy 50  to  flfl 

Rnm OOtoT? 

Glu 48  to  60 

Pon-wioo,  stroDgert M 

Por^wille,  onlinnry 28 

Porvwine,  wcokert 16.S 

Madeira 16  to  22 

Shcrrj*,  Htrof^Mt 2Q 

Sberr^,  weakest Iti 

BuqniDdy 10  to  U 

Claret,  Htronp'st  Bonleuus  17 


Claret,  mean 16 

Olnret.  ^-in  orrlinoire 8  or  9 

Chainpagae 6  to  13 

Hock 9fiolS 

Saoteme 14 

Cider 5tol0 

Ale,  Barton 

Ale.  ordinary 

Perry 

Brown  atout. 

Loadna  jwirtcr 

London  Kmnll  beer. 


»  Smith,  EdvF.,  M.D. :  Foods.  Xew  York.  1873,  r-  412. 
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able  adjavonts  m  the  treatment  of  enfeebled  states  of  the  avBtcm  from 
wliatevpr  cause  induced,  as  well  as  oomparatiTely  harmless  beverages. 


Cider  and  Perry  are  derived,  tiie  first  from  the  fermented  juice  of  the 
apple,  and  the  second  from  that  of  the  pear.  <-'ontaming  at  first  but  a 
ttmall  quantity  of  alcohol,  this  may  becomo  increase-d  to  from  5  to  ID  per 
cent.  In  addition  to  alcohol,  they  contain  carbonic  acid,  duccharine  niat- 
t«^r.  and  the  various  or^nic  acids  and  salts  of  the  fruit  whence  derived 
and  by  which  they  are  flavored.      When  properly  prepared  and  bottled, 

■  oid«r8  are  not  unlike  champagne  in  flavor  and  effect. 

B         The  farther  fermentation  of  cider  results  in  vinegar  or  acetic  acid. 


Tea  ami  Co£te, 


Tea  is  the  dried  leaves  of  a  number  of  tea-plants  grown  in  China, 
Japan,  and  lately  also  with  some  success  in  Ceylon,  Australia,  in  C-ali- 
fomia  and  other  We!4tern  States  of  this  country,  as  well  as  in  North  and 
South  (■an>linfl.  The  f/reen  and  blttrfc  teas  are  varieties  due  to  different 
methods  of  preparation,  the  color  of  the  former  being  retained  by  the 
rapidity  i>f  the  dryitij^  process  ;  while  the  tea,  to  become  black,  is  exposed 
to  atmospheric  chanj^  for  a  longer  time  until  the  process  of  fermentation 
is  set  up,  * 

Co^ee  is  the^  bean  of  the  coffee-plant  {Coffoa  Arabica),  originally  a, 
iMitive  of  Ara>)ia  and  AbyHsinia,  but  now  naturalized  in  many  tropical 
countries.  The  beans  ore  in  pairs,  placed  face  to  face,  and  enclosed  in  a 
hard  coreaeious  membrane,  further  surrounded  by  a  pulpy  pericarp. 

Both  tea  and  coffee  are  used  in  the  shape  of  infusions  ;  but  the  latter 
IS  almost  univf>rsatly  first  roasted,  in  the  process  of  which  it  develops  de- 
sirable aromatic  qualities,  becomes  more  friable,  and  loses  about  20  per 
cent,  in  weight  when  it  reaches  the  proper  stage,  indicated  by  a  chestnut- 
brown  color. 

Although  they  contain  other  substances,  as  casein  or  legumin,  gum, 
m^ar,  tannin,  starch,  aromatic  oil,  fat,  vegetable  fibre,  mineral  matters 
and  water,  the  peculiar  essential  properties  of  both  tea  and  coffee  arc  duo 
to  an  active  principle,  identical  in  composition,  though  in  the  former  it  is 
cailed  tfteifu-,  and  in  the  latter  caffeine.  Its  chemical  formula  is  put  down 
wC„H«04N.  +  H,0. 

As  to  the  physiological  effect  of  tea  and  coffee,  it  is  apparent,  from 
their  composition,  that  their  direct  nutritive  value  cannot  bo  very  great. 
It  is,  however,  larger  in  coffee,  of  which  an  infusion  of  1,500  grains  (9t.l9 
grammes)  in  a  cpiart  of  water  contains  about  300  grains  (19.438  grammes) 
of  totable  principles.  Of  those,  about  140  grains  (9.007  grammes)  are 
nitrogenous  matter,  and  153  grains  (9. 9TS  grammes)  fatty,  saccharine,  and 
■aJine  substances.'     Vet  that  they  supply  some  hidden  want  of  our  nature 


'  PaysD :  Prisna  TbAoriqae  et  Pratique  des  SubaCanoM  Alimeotairei,  Faria,  18S5, 
p.  414. 
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might  bo  infcrrcQ  from  thoir  widosprc&a  use.    Experience  and  experini«nt 
have  confirmed  such  inference.     First,  as  to  those  effects  upon  the  miiiiiJ 
and  body»  which  have  coino  under  the  obstnation  of  every  one.     The' 
chief  of  theso  &r«  a  feeling  of  refreshment,  especially  after  fati^e,  and 
a  capacity  for  further  mental  and  physical  effort.     Few  individuals  whoj 
are  called  upon   for  considerable   mental  or  phy:iical  exertion  have  failf 
to  confinn  this  effect;  while  the  oxperienfo  of  annios,  and  of  comniunitir 
like  the  Belgian  miners  of  Charleroi,  whose  condition  was  investigated  b^^^ 
De  Gasparin/  has  led  to  similar  conclusions.      The  testimony  of   Dr. 
Uayes  as  to  these  effects   of  tea  and  coffee,  and   their  su[>eriority  overJ 
alcohol  in  enabling  mun  to  omlure  cold  and  ImnlNliip  in  arctic  rx'gioits,  j 
points  in  the  same  direction.     "They  both  operated   upon  futigtied  and 
overtaxed  men  like  a  charm;*'  but  coffee  was  preferred  in  the  inoniin^if 
and  tea  in  the  evening.     "  The  coffee  seemed  to  last  throughout  the  day. 
and   the  men  scorned   to  grow  hungry  less  rapidly  than  after  drinkiii;^ 
tea,  while  tho  tea  soothed  them  after  a  day^s  hard  labor  and  enabled  them 
better  to  sleep."' 

This  reinvigorating  and  stimulating  Influence  upon  the  mind,  if  unduly 
increased,  leads  to  wakefulness,  an  effect  so  well  known  tliat  both  tea  and 
coffee  are  commonly  resorted  to  when  it  is  desired  to  avert  the  disposition 
to  sleep.  Carried  still  farther,  the  effeot  is  to  produce  ner^-ousuess  and 
tremor,  and,  if  sleep  be.obtained,  it  is  often  disturbed.  These  effects  are 
much  more  promptly  induced  in  some  persona  than  in  others,  some  being 
unable  to  take  a  single  cup  of  either  beverage  without  experiencing  them 
to  an  inconvenient  degree.  A  friend  of  the  writer,  an  accomplished  sur- 
geon, cannot  take  a  cup  of  coffco  at  breakfast  preceding  an  operation. 

These  effects  are  common  to  both  tea  and  coffee,  but  are  thought  to  be 
possessed  in  a  higher  degree  by  the  latter;  but  here,  too,  much  depends 
upon  idiosyncrasy,  certain  individuals  being  mure  refreshed  by  one  thani 
by  the  other,  and  a  cup  of  strong  coffee  will  keep  one  person  awake  fu 
many  hours,  while  it  will  have  no  effect  whatever  upon  another,  whom 
tea  may  affect  strongly. 

With  regard  to  special  experiments  made  with  a  view  to  deterroii)- 
ing  the  effects  of  these  substances,  those  of  B&oker,'  in  1853,  and  of 
Lehmann,*  in  185i,  were  the  first  whoso  results  were  generally  acknowl- 
edged, and  they  are  still  accepted  by  many. 

These  experiments,  made  with  infusion  of  roasted  coffee  and  caffeine, 
went  to  show  that  their  chief  influence  was  to  retard  the  waste  of  the 
tissues;  the  amount  of  urea  and  phosphoric  acid  excreted  by  the  kidnevi 
being  less  than  onc'third  what  was  excreted  when  the  same  food  waa  takoq 
without  the  coffee.     The  ompyrcumatic  oil  was  found  to  have  a  stimulat- 

'  De  Guparin  :  Note  sur  1«  Ilfigime  deo  Mineitni  Beiges,  Comptes  renduji.  PariB. 
16S0,  Tome  XXX,  p.  450.  This  writer  found  that  often  taauffloteaoy  of  food  WM  a>- 
Booiated  with  tho  laborious  ocGa|>atiuiu  of  tUcae  people. 

"  Hnjes:  Loacit.,  p.  118. 

*B6ckGr  :  Arobiv  d.  Verotos  f.  gemeituh^h.  Arbeit.  1858. 

'Ubmaim  :  Lieblff'a  Aooaleo,  Bd.  UOlXTJL,  p.  S06. 
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ing  effect  upon  the  nnn'ous  system,  promotrid  perspiration,  dispcllud  hun- 
ger, and  moved  the  bowuls;  Atid,  in  excess,  caused  exritetticnt  and  whIco- 
fulncsa.  In  rwtaniiug  the  wa^fte  of  the  tissues  it  had  an  effect  quite  f<[ual 
to  the  caffeine  itself.'  Lehmann  concluded  from  these  experiments  that 
both  tea  and  coffee  exhilarate  the  nervous  system,  and,  by  diminishing- 
the  waste,  render  a  less  amount  of  food  necessary,  while  with  a  j^ivcn 
amount  of  food  more  work  could  be  done  under  the  use  of  tea  and  coffee 
than  without  them. 

The  experiments  of  Hammond '  confirm  tliese  oonclusions;  but  the 
more  recent  experiments  of  Dr.  Edw,  Smith  lead  to  opposite  results,  so 
far  as  the  effect  of  both  tea  and  coffee  upon  the  tissues  is  conoernnd 
According  to  his  observations,  both  are  respiratory  excitants,  causing  a 
lar^ly  increased  evolution  of  carbonic  acid,  promoting  the  transforma- 
tion of  food  without  supplyinj^  nutriment,  and  ihertfore  increasinff  tht 
xc(t9t(}  He  denies  that  a  diniiniahod  elimination  of  uroa  impHf^s  dimin- 
ished waste  of  tlte  tissues,  since  nut  urea,  but  carbonic  acid,  is  the  measure 
of  tissue  change.* 

He  points  out  also  certain  differences  in  the  action  of  tea  and  coffee, 
some  of  which  coincide,  and  otliera  disagree,  with  the  results  of  Lchinann. 
While  both  are  powerful  respiratory  excitants,  increasing  thg  elimination 
of  carbonic  acid,  coffee  causes  an  increase  in  the  rate  of  rcspiratiotk,  so 
that  the  depth  of  the  respiration  is  but  slightly  increased,  and  there 
was  an  incjrease  in  the  rate  of  the  pulsation.  Again,  tea  promotes  very 
hirgely  the  action  of  the  skin,  inducing  perspiration;  while  coffee  din^reasea 
it,  and  therefore  dries  that  organ,  while  it  promotes  the  action  V>f  the 
howets.  By  increasing  the  action  of  the  skin,  tea  lessens  the  force  of 
the  circulation,  cools  the  body,  and  does  not  cause  congestion  of  the 
mucous  membraties;  while  coffee,  by  diminishing  the  action  of  the  .skin, 
diminishes  the  loss  of  heat,  hut  *'  increases  the  vh-a-ttrgo^  and  therefore 
the  heart's  action  and  the  fulness  of  the  pulse,  and  excites  the  mucous 
membranes."*  With  this  difference  in  the  action  of  tea  and  coffee  upon 
the  skin  most  are  familiar,  and  therapeutical  advantage  of  it  is  often 
taken  when  diaphoresis  is  desired.  Few  agents  in  common  use  are  bo 
efficient  in  this  direction  as  tea. 

Dr.  Smith  reaches  further  conoluaions  in  his  observations,  which  are 
interesting  and  important,  if  correct.  He  says:  "The  conditions,  there- 
fore, under  which  coffee  may  be  taken  are  very  different  from  those  suited 
to  tea.  It  is  more  fitted  than  tea  for  the  poor  and  feeble.  It  is  also 
more  fitted  for  breakfast,  inasmuch  as  the  shin  is  then  active,  and  the 
hearths  action  feeble;  whilst  in  good  health,  and  witli  sufficient  food,  it  is 


'  Johnaton  :  0b«misti7  of  Contmon  Life,  edited  by  Lewaa,  Londoo,  1809.  Vol,  I., 
p.  e04. 

*  Hammond :  Urological  CoDtribotiotu,  American  Joaroal  of  the  Uedioal  Sciences, 
April.  lS5d.  p.  836. 

'  Smith.  Edw.  SCD.  :  Foods,  Xew  York.  187S,  p.  349  at  aeq.,  sad  p.  3SS. 

•  Idem:  Op.  oit,  p.  :i67. 
'  Mem  :  Op.  cit,  Jk  IMW. 
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not  needful  after  dinner,  but^  if  tltas  drank,  should  be  taken  soon  after 
the  itioaI.  Ilenco,  in  certain  respects,  tea  andcoiTee  are  antidotes  of  each 
other,  and  we  know  that  ihey  are  not  taken  indiacriminateljr,  althoi^h  in 
a  chief  action  they  are  interchangable."* 

Voit,'  from  obsenations  on  a  dog,  and  5^iiarey,'  from  experimenta 
men,  conclude  that  coffee  possesses  little  or  no  influence  on  the  gen> 
nutrition  of  the  hfMly. 

Whatever  tl>e  effect  of  tea  and  colTee  upon  the  tissues,  the  similarity 
of  their  exhilnnttiiig-  effect  to  that  of  uloohol  leads  naturally  to  their  being^ 
placed  in  tlic  name  g'r<3Up,  while  their  harmlessness  and  more  permanent 
effects  render  them  much  more  suitable  beverages  than  alcohol.  It  need 
Boarnely  be  mentioned  that  the  direct  nutrient  properties  of  tea  and  coff< 
are  greatly  increased  by  the  milk  and  sugar  with  which  they  are  mf 
largely  used. 

Chiff'orfj,  with  which  coffee  is  often  mixed,  is  the  root  of  the  elrfuh 
Hum  iniibttSj  a  plant  growing  in  all  European  countries,  and  now  much 
cultivated.  It  has  been  considered  nearly  inert,  and  as  giving  only  color 
and  a  certain  body  lo  the  infusion  of  coffee;  but  the  CK):H«rinients  of  Dr. 
Kdw,  SinitI)  havo  shown  it  to  possess  similar  properties  with  coffei 
though  in  a. very  much  less  degree.  In  prejiaration,  it  Is  cut  into  pi< 
and  roasted  with  fat,  as  coffee  is  roasted.  It  is  sometimes  adult«rated 
with  roasted  rye,  with  which  coffee  also  is  known  to  be  adulterateil  in  tliis 
country,  forming,  with  molasses,  a  large  proportion  of  the  so-call 
"extracts"  of  coffee,  at  one  tima  much  sold  in  America. 

3fAte,  or  Paraguay  tea,  is  the  prepared  leaves  of  the  Brazilian  holly, 
or  7?€rt  Pardf/uai/f^tmh.  It  is  similar  to  China  tea  in  its  effects,  which  are 
due  to  the  saiiio  active  princijile.  It  is,  however,  less  delieato  in  flavor, 
more  bitter  and  astringent,  and  is  said  to  be  more  narcotic  thaJi  Chinatoa. 

Rapidly  dried  cojf'ee-ieuves  are  also  useil  infused,  in  Java,  Sumatra, 
and  other  countries.  They  contain  a  small  pn^portion  of  caffeine;  but 
the  results  of  some  experiments  by  Dr.  Edw.  Smith*  were  oppKJsed  to 
those  of  the  same  observer  on  tea  and  coffee,  showing  that  ooffeo-leavca 
are  not  respiratory  excitants. 


Chocolate. 


I 


Chooolate  is  prepared  by  admixture  with  sugar  of  the  powdered  seeds 
of  the  Cacfto  theobroma,  or  cocoa-palm,  and  the  pods  of  the  ArtichU  hyjK*- 
gtvUy  the  cacao  shrub  of  Zanzibar. 

Chocolate  contains,  besides  the  peculiar  principle  theobromine  (CtH« 
N4O1),  which  seems  identical  in  its  properties  with  thcinc  and  caffeine, 
lai^  amounts  of  fat  and  sugar,  which  give  it  the  projwrties  of  direct 
aliment.    These  are  further  contributed  to  by  the  large  quantities  of  milk 


'  Smith  :  Op,  cit.,  p.  867. 

■  H«nle  and  Meissoer'n  Rerioht,  IBOO,  p.  403. 

'  Forkes  :  Pnictioal  Hyciene.  p.  238. 

<  Smith,  Bdw.  :  Op.  cit..  p.  ri5(*. 
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always  taken  with  it.     It  U  less  stimulating  to  tbe  nervous  system  tlian 
tea  And  coffee,  but  is,  of  course,  more  nutritious. 


Guarana  and  Coca. 

Guaramne  and  cocaine  are  nearly,  if  not  quite,  identical  in  their  ao- 
tion  with  theine,  cafTcine,  and  theobroitiirie.'  The  former  is  the  6xed 
principle  of  ffuaruttu,  which  is  derived  from  the  seeds  of  J-*auiiinia  sor- 
biliSy  P.  citpftnn^  and  several  other  climbing  plants  of  the  order  Octandra 
triffyiiia  of  the  Ltnna'an  system.  Cocaine  is  the  active  principle  of 
Erythroxfjlon  coca.  The  fonnula  for  guaruntne  is  the  same  as  for  theine 
and  caffeine,  and  that  of  cocaine  is  CuHhNO,.  The  latter  was  discov- 
ered by  Gaedeke  in  1855,  and  further  examined  by  Noiman  in  1859. 

Guaratia  is  prepared  and  used  i»  Brazil  in  the  same  manner  as  coffee. 
It  has  recently  acquired  considerable  reputation  as  a  cerebral  stimulant  lu 
headache. 

Cocadeaves  are  likewise  used  in  infusion,  but  are  also  largely  chewed  as 
tobacco.  It  forms  always  an  important  element  in  the  food  of  the  nativo 
South  American,  and  some  of  the  published  accounts  of  the  endurance 
they  are  enabled  tu  sustain  by  its  use  alone,  though  almost  incredible,  are 
well  authenticated.  For  example,  the  Indian  mail-carriers  and  messengers 
are  said  often  to  travel  three  or  four  days  without  any  food  except  coca, 
carried  in  a  little  bag  at  the  side.  Von  Tsclnxti  relates  that  an  Indian, 
sixty-two  years  old,  worked  for  lum  at  excavation  for  iiveday»antl  nights 
consecutively  without  any  ordinary  food,  and  with  a  very  short  allowance 
of  Bleep,  and  yet,  at  the  end  of  that  time,  was  fresh  enough  to  undergo  a 
long  journey,  being  sustained  only  by  the  coca  which  he  chewed  from 
time  to  time.' 

The  results  of  experimental  inquir}'  into  the  effects  of  coca  are  not 
uniform,  but  the  very  carefully  conducted  experim(>iits  of  Dr.  lasac  Ott' 


I 
i 


*  6««  a  paper  by  Alexander  Bennett,  U.D. :  An  Experimental  Inquiry  into  the 
Physiological  Aotionn  of  Theine,  Caffeine.  Qaaranine,  Cocaine,  and  Theobromine, 
EdintmrKh  Med.  Jour  .  Oct.,  1873,  p.  323. 

'An«tie:  Stimnlants  and  Narootios,  London,  1864,  p.  143. 

The  writer  j«  informed  b^  on*  of  bis  former  pupiU,  Dr.  Hermann  N.  Loeb,  long 
XMidaafr  in  South  America,  that  the  eoca  Ib  alwa>-a  cbcwoil  with  a  stnoll  frogmeDt  of  a 
■rtstapce  oal\i^  j/fcAta,  which  is  composed  of  ashes,  a  "partitjnlor  kind  of  mud,"  and 
AOttmon  BolL  Thoee  three,  when  thoroughly  mtxRil  and  min-driod,  form  a  hard  nub- 
•tanoe,  which  is  oaed  in  quantity  tbe  size  of  a  pea.  It  haa  a  smarting  taste,  and  is 
always  chewed  tof^ther  with  a  moDthfnl  of  cooa. 

For  other  interesting  matter  on  this  aubjeot,  see  alio  the  followtng: 

Von  Tachndi :  Travel*  in  i'eni. 

Markham  :  TrnveU  in  Pom  ami  India. 

Foppig:  Bcise  in  Pern,  Bd.  IL 

Hontegaua  .  Prise  Tieatiae  on,  3filan,  IBi^O :  Abatraot  in  the  British  Pharmaceutical 
Joomal  for  I860. 

Keis:  In  Bonchordat's  Annaairo  Tht^rapeatiquca  for  1864. 

Weddall :  Voyngfl  dons  le  Kord  dn  Bolivie. 

*  Ott:  Oocain,  Varatiia  and  OelHomium,  Tuxocological  Studies,  Philadelphia,  1974. 
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revealed  that,  during^  iho  use  of  coca  for  five  days,  the  solid  elements  oF 
thu  urine  diminished,  while  the  weight  of  the  body  slightly  increased*! 
The  urine  also  coitt&ined  oxalate  of  lime  crystals  during  its  use.  Chrts- 
tison  found  that  it  increased  the  saliva  and  pruhahly  also  lessened  the 
flimiiiation  of  the  urinary  solids.  Gazrau,  on  the  other  hand,  found 
that  coca  augmented  the  urea  and  lessened  the  body  weight.  From  a 
personal  knowledge  of  Dr.  Ott*s  careful  and  accurate  method  of  investi- 
gation, the  writer  is  inclined  to  accept  his  conclusions,  which  are  confirmed 
by  ChristisoH  so  far  as  he  goes. 

Tobucco, 

Simitar  properties  are  claimed  for  tobacco,  which  Is  also  said  to  have 
the  power  of  replacing  ordinary  food  for  a  limited  period.  Tobacco  was 
made  the  subject  of  oxperimental  observation  by  Dr.  Uainmon<i,'  who, 
quite  unaccustomed  to  its  use,  smoked  150  grs.  (y  7  grammes)  of  tobacco 
thrice  daily  for  a  aeries  of  days.  He  found  that  while  the  food  consumed 
was  suiGcient  to  preserve  the  weight  of  the  body,  the  tobacco  increased 
that  weight,  and,  when  the  food  was  not  sufficient,  and  the  body  lost 
weight  in  consequence,  the  tobacco  restrained  that  loss.  He  found,  more- 
over— 

1st.  That  tobacco  did  not  materially  affect  the  excretion  of  cTarbonio 
acid  by  the  lungs. 

2d.  That  it  lessened  the  amount  of  aqueous  vapor  given  off  in  respi- 
ration. 

3d.  That  it  diminished  the  amount  of  fa.H:cs. 

4th.  That  it  lessened  the  quantity  of  urine  and  the  amount  of  its  urea, 
and  chlorine. 

dth.  That  it  increased  tlie  amount  of  free  acid,  uric  acid,  phosphorio 
and  sulphuric  acid  eliminated  through  the  kidneys. 

In  comparison  with  Hammond's  observations  on  ilie  use  of  alcohol,  we 
have  a  difference  in  the  1st  result,  carbonic  acid  having  been  dinuuiahod. 
There  is  a  coincidence  in  the  '.^d,  3d,  and  4th;  but  in  the  experiments  with 
alcohol,  the  free  acid,  uric,  sulphuric,  and  phosphoric  acids  of  the  urine  ^i 
were  also  diminished.     Dr.  Hammond  can  only  acoount  for  the  increasa^^J 
in  the  phosphoric  and  sulphuric  acids  by  the  increased  consumption  of  ^^ 
ner\'ou8  matter, 

Notwithstaniliiig  the  effect  of  tobacco  in  diminishing  the  total  amount 
of  fieces,  it  is  a  matter  of  every-day  experience  that  the  smoking  of  a 
oigar  will  often  induce  a  stool,  and  is  frequently  resorted  to  for  that  par- 
pose.  This  effect  may  be  directly  due  to  an  increased  secretion  of  gastro- 
intestinal mucus;'  and  to  it  may  be  ascribed  the  beneficial  results  which 
have  been  observed  in  its  moderate  use  in  dyspepsia,  of  which  also,  in 
exoeesive  amounts,  it  is  u  prolific  cause. 

The  tranquillizing  effect  of  the  moderate  consumption  of  tobaooo^  i 

'  Hammood  :  Amerioon  Jonm.  of  Hod.  BoL.  N.  S..  Vol.  JUUUl.,  Oct..  18K6,  p.  81Sw 
'  UorriB,  J.  C:  On  Tobacco.,  PhUa.  Med.  Timea,  Vol.  1.,  187ft-71,  p.  8U. 
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p^oially  by  smoking,  and  the  phenomena  of  nervousness  shown  in  trem- 
bling and  wakefulness,  etc.,  from  excessive  use,  are  as  well  known  as  the 
similar  effects  of  tea  and  coffee.  They  were  also  experienced  by  Dr, 
Hammond. 

Opium, 

However  much  it  be  conceded  that  the  use  of  opium  were  better  con- 
fined to  medicinal  purposes^  the  fact  still  remains  that  it  is  practically 
used  as  food  by  a  large  number  of  the  Caucasian  race,  as  well  as  the  Ori- 
entals; and  it  becomes  us  to  consider  what  are  its  effects.  These,  from 
clinical  and  general  observation,  are  also  determined  to  be  conservative, 
so  far  as  tissue  consumption  is  concerned.  Few  hospital  or  practising 
physicians  have  failed  to  see  life  prolonged  in  exhausting  disease,  and 
during  inaViility  to  take  sufficient  fnod»  by  the  use  of  moderate  quantities 
of  opium;  while  the  long  lives  of  opium-eating  crones  have  not  failed  to 
inijirt'ss  the  writer.  The  most  striking  instance  of  this  food-action  of 
opium  is  quoted  by  Vv.  Aiistie  from  Dr.  Barnes,'  who  says:  "  On  one  occa- 
sion I  matle  a  very  fatiguing  night-march  with  a  Outcliie  horseman.  In 
the  morning,  after  having  travelled  thirty  miles,  I  was  obliged  to  ussent 
to  hia  proposal  of  halting  for  a  few  minutes,  wliich  he  omployed  in  sharing 
a  quantity  of  about  two  drachms  of  opium  between  himself  and  his  jaded 
horse.  The  effect  of  the  dose  was  soon  evident  in  both,  for  the  horse 
finished  a  journey  of  forty  miles  with  great  apparent  facility,  and  the 
rider  became  absolutely  more  active  and  intelligent.**  It  must  be  con- 
ceded that  it  is  not  easy  hero  to  separate  the  simple  stimulant  action  from 
the  food  action.  The  latter  is,  however,  shown  in  the  length  of  time  in 
which  the  exertion  was  subsequently  maintained  without  the  use  of  other 
food. 

Of  opium,  however,  it  must  be  said,  as  of  alcohol,  that,  at  least  with 
the  Caucasian  race,  the  use  is  so  liable  to  lead  to  a  most  pernicious  abuse, 
that  it  is  better  restricted  to  the  category  of  remedies  than  to  that  of  food. 

These  substances,  including  pepper,  mustard,  spices,  etc.,  although 
ii5e<l  throughout  the  world,  soem  to  possess  only  the  property  of  stimu- 
lating the  secretion  of  the  digestive  fluids,  and,  by  imparting  a  flavor  to 
food  otherwise  insipidf  to  render  it  palatable. 


A  Mixed  Diet  Jiecessnary, 

With  regard  to  organic  food,  there  is  abundant  evidence  to  prove  that 
none  of  the  four  kinds  enumerated  is  alone  sufficient  to  sustain  life  for 
any  length  of  time,  but  that  a  mixed  diet  is  necessary.  Such  evidence  is 
derived  from  four  sources:  Ist,  instinctive  proclivities;  2d,  the  compara- 
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tive  anatomy  of  the  organs  of  digestion;  3d,  experiment  and  experience; 
4th,  a  comparison  of  the  amount  of  carbon  and  nitrugen  daily  excreted, 
with  the  composition  of  bread  and  meat.  First,  with  regard  to  instinc- 
tive proclivities,  aJthough  in  antiquity  we  find  whole  tribes  designated  in 
accordance  with  ihe  food  they  ate,  as  khthyophayt^  or  fish-eaters,  the  hylo- 
p/iat/i,  or  feeders  upon  shoots  of  trees,  we  have  no  evidence  that  tlieao 
articles  wore  their  exclusive  food.  And  we  note  that  whore,  in  oonse* 
quencc  of  geographical  causes,  nations  or  tribes  have  been  more  or  less 
limited  to  a  certain  kind  of  food,  as  their  knowledge  grows,  and  the 
advantages  of  commerce  are  opened  to  them,  one  of  the  first  results  is  an 
increase  in  the  variety  of  aliment;  while  in  the  most  enlightened  com- 
munities it  would  appear  that  one  of  the  chief  objects  of  man's  efforts  ia 
to  obtain  not  only  an  alnindance,  but  also  a  maximum  variety  of  food. 

Second,  the  anatomy  of  the  digestive  apparatus  of  man,  compared  with 
that  of  the  herbivora  and  carnivora,  indicates  also  the  kind  of  food  he  ia 
intended  to  consume.  This  apparatus  in  man  is  not  as  simple  as  in  the 
carnivora,  nor  as  complex  as  in  the  lierbivora,  but  intermediate.  A  reason- 
able inference  from  this  fact  isi  that  it  was  designed  that  man  should  subsist 
Dot  upon  a  purely  vegetable  aliment  nor  upon  an  animal  one,  but  that  be 
should  use  mixtures  of  both. 

Third,  moat  satisfactory  evidence  is  derived  from  experiment  and  ex- 
perience. In  evidence  from  the  former  source  may  be  enumerated  the  fol- 
lowing : 

1.  The  early  experiments,  in  1769,  of  Dr.  Stark^'  of  London,  who  sub- 
uated  for  forty-four  days  upon  bread  and  water,  for  twenty-nine  days  on 
bread,  water,  and  sugar,  and  for  twenty-four  days  upon  bread,  water,  and 
olive-oil,  until  his  health  became  impaired,  and  he  died  in  consequence. 

2.  Magendie'  proved,  in  1817,  that  dogs,  which  are  omnivorous  in  the 
domestic  state,  if  fed  exclusively  upon  non-nitrogenous  food  {oil.  gum, 
sugar),  died  in  from  the  thirty-second  to  the  thirty-sixth  day,  with  all  the 
symptoms  of  inanition;  and,  a  little  later,'  that  while  dogs  lived  very  well 
on  brown  military  bread,  which  contains  a  variety  of  aliincntjiry  principles, 
the  same  animals,  fed  on  pure  wheaten  bread  and  water,  did  not  live 
more  than  fifty  days. 

3.  The  experiments  of  Tiedmatm  and  Gmelin,*  published  in  1827. 
These  experimenters  fed  geese  exclusively  upon  gum,  sugar,  starch,  and 
coagulated  while  of  egg  respectively.  The  one  fed  on  gum  died  on  thw 
sixteenth  day,  that  on  sugar  the  twenty-first;  the  two  fed  on  starch  on 
the  twenty-fourth  and  twenty-seventh  days;  and  the  one  fed  on  white  of 
^gg"  on  the  twenty-sixth  day. 


1  The  works  of  the  lata  Wm.  Stark,  M  D. ,  hy  0r.  James  Carmichael  Snjrth, 
LoadoD,  1786. 

^Magendie:  Prfofs  £l£inentitlre  de  Phyitiola^e,  preml&re  td.,  Paris,  1817.  Tome 
U.,  p.  390. 

'  Idem :  ibidem.  d«uzidme  edit.,  Paris.  1825.  p.  493 ;   troU.  M.,  Paris,  1833,  p.  504 

*  Tii>dmann  and  Ginelln  -.  Rechercheft  fxp^riraeotaleii,  pli7BiDlogtqaea  et  cfaimiqveB, 
•UT  la  digestion,  Paris,  1837,  seo.  partie,  p.  QHti. 
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4^  Burdacirs*  experiments  upon  rabbits^  in  which  he  fed  one  animal 
on  potato  alone,  which  liiod  on  the  thirteenth  day;  another  with  barley, 
which  died  in  the  fourth  week;  and  a  tliird,  on  alternate  ilays  with  potato 
and  barley  successively  for  three  wftoks,  and  afterward  on  potato  and 
barley  together.  This  rabbit  increased  in  size  and  appeared  well  nour- 
ished. 

5.  Tlie  results  of  the  French'  and  Amsterdam  Commissions,  already 
aJluded  to,  in  the  former  of  which  were  included  the  u^e  of  nitrogenised 
subatAiices  and  articles  containing  a  vuriety  of  alimentary  principles.  In 
these  experiments  it  was  shown  that  dogs  could  not  live  U[>oii  pure  mus- 
culinc,  the  appetite  failing  entirely  from  the  forty-third  to  the  forty-fifth 
day,  while  they  were  well  nourished  by  gluten,  which  contains  a  variety 
of  alimentary  principles. 

6.  f'inally  we  have  the  more  recent  experiments,  published  in  1857,  of 
Dr.  Hammond,'  of  thisoountry,  which,  like  those  of  Dr.  Stark,  being  upon 
himself,  arc  more  to  the  point  than  any  of  the  preceding,  excepting  those 
of  StArk.  Dr.  Hammond  found  it  impn.ssihlo  to  sustain  health,  for  any 
length  of  time,  upon  albumen,  starch;  ur  gum. 

Erperieiict  abundantly  attests  the  necessity  of  a  mixed  diet.  We 
have  only  to  allude  to  the  sufferings,  by  scurvy,  of  seamen  long  confined 
to  a  diet  of  salt  pork  and  brearl,  and  the  effect  of  the  addition  to  their 
food  of  frcflh  meat  and  vegetables,  sufliciently  to  illustrate  the  fact. 

Observation  has  also  shown  that  an  habitual  excess  of  any  one  of  the 
great  divisions  of  food,  over  and  above  the  wants  of  the  economy,  some- 
times results  in  the  production  of  a  constitutional  derangement,  exhibiting 
itself  in  various  ways,  and  known  in  technical  language  as  a  *'diathest!».^* 
Thus,  an  excess  of  aWumhwiu  food,  derived  from  a  diet  too  exclusively 
composed  of  animal  flesh,  produces  congestions  and  enlargements  of  the 
liver  and  the  so-called  arthritic  or  youty  diathesis.  In  this  condition  the 
blood  contains  an  undue  ^nount  of  unoxidized  nitrogenous  matter — im- 
perfectly assimilated  histogenetic  and  force- producing  material,  or  par- 
tially reduced  products  of  retrograde  metamorphosis — which,  in  their  more 
perfectly  oxidized  state,  are  easily  separated  by  the  kidneys,  but  which,  un- 
oxidized, are  removed  with  difliculty  by  these  organs.  Ueing  thus  in  excess, 
tbeyseek  to  deposit  themselves  in  the  urinary  passages  in  the  shape  of  ufJc 
<«ri</ gravel,  and  in  llie  joints  as  gouty  deposits  of  the  urates.  An  excess 
of  oieoyiiious  food  tends  to  produce  the  so-called  f)iliifux  diathesis,  char- 
acterized by  excessive  bile-production  and  congestion  of  the  liver.  Tins 
occurs  when  more  hydrocarbons  arc  introduced  into  the  blood  than  can  lie 
effectually  oxidized.  Part  of  the  excess  is  converted  into  bile,  and  such 
oonveraion  involves  not  only  a  hypenemia  of  the  liver,  but  also  of  the  in- 


'  Bnrdach,  C  T. :  Traite  de  phj-siotogte,  tmdaic  par  Joardain,  Pans,  1841,  Tonie 
IX.,  p.  340. 

*Loaoit.;  alto  Flint:  Physioioyy  of  Man.  Vol.  I.,  IS71.  p.  KiOetscq. 

'  Hammond  :  Exporimental  BeMarobea  relative  to  the  Natritiro  Valtie  and  Pbyai- 
oloffical  Effucta  of  Alhumuu,  Starch,  and  Gum.  when  amgljr  aad  uxdosivolj'  uaod  us 
Pood  :  TnuMoctions  of  the  American  Med.  Asa'a,  1857. 
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tertiiul  tract,  the  blood  from  which  hu  to  pus  throogfa  it.  To  this  majr 
be  referred  some  of  the  disrrhcess  and  dysenteries,  which  are  more  fn- 
quent  in  hot  climates  and  in  warm  seasons.  An  exoeM  of  both  jtereAsf 
Mnd/aia  also  retards  the  metamorphosis  of  nitrogenonis  matters,  and  results 
in  excessive  obesity.  An  exclusive  diet  of  farifuieeoui  food,  on  the  other 
hand,  more  frequently  the  result  of  necessity  than  of  chcMce  among  the 
poorer  classes,  is  thought  to  cause  the  rheumatic  diathesia,  oonnsting,  to(^ 
in  malassimilation  and  deficient  metamorphosis,  in  whids  laeHe  acid  or 
other  product  of  the  chemolysis  of  saccharine  oompounds  becomes  the 
offender.  On  the  other  hand,  it  is  well  known  that  •ewrvy  is  the  inevi- 
table result  of  prolonged  absence  from  food  of  fresh  fruits  and  vegetables; 
and  it  is  at  least  observed  that  in  many  of  those  in  whom  a  sero/'tflma  ten- 
dency exists  there  is  often  repugnance  to  oleaginous  food,  while  those  who 
best  digest  and  consume  fatty  food  most  seldom  become  phthisicaL 

Fourth.  Further  evidence  of  the  propriety  of  a  mixed  diet  is  found  in 
a  comparison  of  the  amount  of  carbon  and  nitrogen  daily  excreted  by  the 
lungs,  skin,  kidneys,  and  bowels,  with  the  composition  of  bread  and  meat. 
Various  experiments  have  shown  the  former  to  be,  in  the  routine  Uborer, 
about  19.891  grammes  (307  grains)  of  nitrogen  and  304.141  grammes  (4694 
grains)  of  carbon.*  According  to  Payen,'  C4.79  grammes  (1000  grains)  of 
bread  contain  about  19.438  grammes  (300  grs.)  of  carbon  aiid  .647  granmie 
(10  grs.)  of  nitrogen:  hence,  to  obtain  the  19.891  grammea  (807  gra.)  of 
nitrogen  required  by  the  system,  over  1943.7  grammes  (80000  gn.),  or 
more  than  1.04  kilogrammes  (4.189  pounds),  of  bread  must  be  consomed. 
But  the  304.141  grammes  (4G94  grs.)  of  carbon  required  are'eontained 
in  971.9  grammes  (15000  grs.)  of  bread;  so  that  to  obtain  the  |Hoper 
amount  of  nitrogen,  a  quantity  of  bread  must  be  consumed  containing 
double  the  amount  of  carbon  actually  required.  Again,  64.79  grammes 
(1000  grs.)  of  meat  contain  €.47  grammes  (100  grs.)  of  carbon  and  1.943 
grammes  .(30  grs.)  of  nitrogen;  therefore,  tew  obtain  304.141  grammes 
(4694  grs.)  of  carbon,  no  less  than  3041.41  grammes  of  meat,  or  3.041 
kilogrammes  (G.C  pounds)  must  be  consumed,  while  the  required  19.891 
grammes  (307  gn.)  of  nitrogen  are  contained  in  663.36  grammes  (1.46 
pounds)  of  meat ;  so  that  four  times  more  meat  must  be  consumed  to 
supply  the  carbon  than  is  necessary  to  furnish  the  nitrogen.  But  let  ui 
suppose  that  a  mixed  diet  of  bread  and  meat  is  used,  when  1000.43 
grammes  (15440  grs.)  of  bread  and  .100  grammes  (4630  grs.)  of  meat 
would  supply  nearly  the  proper  amount  of  carbon  and  nitrogen. 

Thus, 

Gnna.  of  eubOB.    Om&ofsSnvB. 

1000  gnuB.  or  1  kilog.  (1M3S.6  gn,)  of  bread  oontam. . .  800  (46S0  gn.)  10     (154  gn.) 

300  gtms.  (4680  gxs.)  of  meat  contain 30     (idSgn.)    A(18a9t&) 

330  (S093  grs.)  19  (8ftaL»  gia.) 


>  H.  Letheby:  On  Food,  New  York,  1872,  p.  110.  Deduced  from  the  lesolta  Ot 
sxperiments  by  Henzs.  Edw.  Smith,  Parkea,  Han^hton.  Playfair.  Fick  sod  WUiesoM. 
Bauke,  Beigel,  Haas  and  Vogel ;  Payen'a  remilCa  are  nearly  the  asms. 

'  Des  snbitancei  aUmentaizM,  Paris,  1805,  p.  482. 


FOOD    AND   DHimK, 


187 


I 

I 
I 

I 


That  15,  aboul  i  kilogramme  'or  2.2  pounds  of  bread  and  \  kilogramme  or 
I  pounda  of  meat  are  sufficient  to  compensate  the  dally  loss  of  a  healthy 
man. 

Sufficient  reason  having  been  assigned  for  the  propriety  of  a  mixed 
diet,  so  far  as  the  different  elementary  articles  of  food  are  concerne4l,  a 
second  question,  which  for  a  time  assumed  some  importance,  was  as  to 
whetlier  such  mixed  food  is  best  obtained  from  both  animal  and  \-egetabIe 
sources,  or  whether  one  of  the  two  kingdoms  can  j^ufiiciently  supply  it. 
We  believe  it  has  never  been  seriously  claimed  that  man  should  subsist 
upon  animal  food  alone;  but  the  question  uf  vet/etarianUmy  so  called,  at 
one  time  excited  considerable  interest.  The  representatives  of  this  school 
claimed  that  the  destruction  of  animal  life  for  purposes  of  food  was  not  jus- 
tifiable and  insisted  that  man  could  sulHtist  n|>o[i  a  purely  vegetable  diet 
consistently  with  the  highest  degree  of  health.  There  is  no  doubt — indeed, 
we  have  already  shown,  that  all  the  proximate  alimentary  substances  ar& 
furnished  by  the  vegetable  as  well  as  hy  the  animal  kingdom;  and  the 
experience  of  many  individuals  of  the  vegetarian  school  attests  the  possi- 
bility of  sustaining  life  and  health  under  such  a  regimen.  But,  apart  from 
the  fact,  as  shown  from  the  above  comparison,  that  a  mixed  diet  is  more 
easily  obtained  by  combining  the  two  sources,  the  intermediate  position 
of  the  anatomy  of  the  digestive  organs  of  man,  as  compared  with  those  of 
ibe  caruivora  on  the  one  hand,  and  the  herbivora  on  tlie  otlier,  shows 
that  he  is  intetided  to  use  a  mixed  diet  of  animal  and  vegetable  matter, 
rather  than  an  exclusive  one  of  cither.  Experiment  also  shows  that 
the  use  of  an  animal  diet  tends  to  raise,  and  that  a  vegetable  diet 
tends  to  lower,  the  proportion  of  red  corpuscles  of  the  blood,'  Dr. 
t^jpenter  says  there  is  some  reason  to  believe  that  the  substitution  of 
a  moderate  proportion  of  animal  Uesh  "seems  rather  to  favor  the  high- 
it  meiUul  development;'^'  while  the  converse  acknowledgment  of  the 
le  author,  that  "a  well-selected  vegetable  diet  is  capable  of  produc- 
ing (in  the  greater  number  of  individuals)  the  highest  physical  devel- 
opment," is  not  admitted  by  Dr.  Flint,  Jr.*  The  examination  of  this, 
subject  by  Dr.  Porkes  also  led  him  to  conclude  that  the  animal  and 
vegetable  albuminates  ser%'e  equal  purposes  in  the  economy;  that  "the 
me«t-oater  and  ihc  man  who  lives  on  corn,  or  peas,  or  rice  are  equally  welt 
nourished:*'  and  that  the  well-fed  vegetable-eater  "  will  show  when  iti 
training,  no  inferiority  to  the  meat-eater."  '  There  still  remains  the 
important  fact,  however,  that  the  necessary  mixture  of  the  principles  of 
food  is  more  easily  obtained  by  combining  the  two  sources. 

*  OupflDter:  Prinaples  of  Hamao  FbtloaDphy,  7tb  Edition,  p.  70,  LondoD,  I860. 
» Ibid.,  p.  77. 

*  Flint ;   Phyuology  of  Man,  volanie  on  Alimentation,  DigeEtioo,  and  AtMorpUon, 
p.  137.  New  York,  1»71. 

*  Parkei  -  Practical  Hy^eoe,  5th  Edition,  1678,  p.  20a 
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Motiijicatioixs  in  the   J^oportion  of  Different   Alimentary   PrincipU* 
deftiatided  Ay  Di^erertces  in  Teni^ieratitre  and  Climate. 

Although  the  propriety  of  ft  mixed  diet  would  appear  conclu&i^'ely 
proven  by  the  facts  presented,  it  is  nevertlieleas  true  that  modifications  in 
the  strict  application  of  the  principle  are  required  by  differences  of  tem- 
perature, due  to  change  of  season  or  climate.  Thus,  it  is  well  known 
that  the  inhabitants  of  frigid  zones  consume  large  amounts  of  carbona- 
ceous food,  in  the  shape  of  the  fat  of  seals  and  whales,  while  those 
of  torrid  zones  adhere  to  a  diet  composed  more  largely  of  farinaceous 
matter.  But  even  here  wo  have  further  illustration  of  the  correctness 
of  the  general  principle  in  the  fact  that  the  Hindoo  constantly  adda 
to  the  rice,  which  constitutes  his  chief  article  of  diet,  a  certain  proper* 
tion  of  "ghee,"  or  rancid  butter,  M-hioh  he  greatly  enjoys.  Moreover,  it 
is  well  known  thai  in  temperate  climates  the  majority  of  persons  have 
a  decidedly  increased  rehsh  for  fatty  articles  of  food  in  the  winter  sejison, 
while  in  the  hot  weather  of  summer  there  is  often  indisposition  to  touch 
ordinary  butchers'  meal,  which,  when  of  good  quality,  has  been  found  to 
contain  as  much  as  one-half  to  one-third  its  weight  of  fat.'  It  is,  inde«<l, 
the  fact,  as  we  should  expect,  that  among  the  inhabitanti*  of  temi>erate 
xones  the  principle  of  the  propriety  of  a  mixed  diet  is  most  strictly  carried 
out,  and  therefore  best  illustrateiL  Tt  was  facts  of  the  kind  which  led 
Liebig  to  adopt  the  classitication  already  given  under  his  name,  and  which, 
in  a  general  way,  is  correct. 

TiiK  Effects  of  Cookimo. 

Comparatively  small  quantities  of  food  of  any  kind  are  consumed  iu 
the  raw  state,  it  being  usually  subjected  to  the  process  of  cooking,  which 
includes  boiling,  roasting,  frying,  broiling,  baking,  etc.  The  changes 
wrought  in  food  by  the  cooking  process  are  several.  Most  important, 
perhaps,  is  that  by  which  its  dlifcMifiHity  is  improved.  This  is  accom- 
plished in  the  boiling,  etc.,  of  almost  all  vegetables  and  almost  all  the 
proximate  constituents  of  meat.  But  in  tbo»e  processes  which  involve 
the  cooking  of  meat  without  the  addition  of  water,  as  roasting^  hroUing^ 
bakinij^  KwAj'rijiufj^  this  end  is  not  attained  if  they  be  too  "well  done," 
since  in  this  condition  the  albuminous  matters  are  too  thoroughly  coagu- 
lated, and  even  charred,  and  their  nutritive  and  assimilative  properties 
thus  destroyed.  1'he  principle  of  these  processes  consists  in  the  sudden 
application  of  a  high  heat— aiS'to  370°  Fahr.  (100"  to  1321  C.)— to  the 
exterior.  Uy  this  means,  the  exterior  is  hardened,  while  the  meat  retains 
the  juices  which  are  freed  by  the  lower  temperature — V^"  to  250*  Fahr. 
(Slf*  to  Vi\\°  C) — to  which  the  interior  is  subjected.  Baking  and  frying 
are  less  favorable  proc(*ssRK,  in  consoijuence  of  the  higher  heat  which  is 
involved.  This  is  particularly  true  of  frying  or  cooking  in  fat-,  though  the 
lUaadvantage  is  diniiniahed  if  the  substance  fried  is  coated  with  crumbs  or 

*  Experimento  of  Lawei  and  Gilbert:  Philo^opb.  Transaoi  Pt.  n.«  p.  400. 
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batter,  b}'  which  the  hot  fat  U  prevented  from  [penetrating  the  interior. 
Young  meats,  as  veal  or  lamb,  and  the  white  meat  of  poultry,  and  fish, 
require  a  higher  temperature  and  more  thorough  cooking.  The  inter- 
muscular areolar  tissue  is  also  softened  or  liqueBed  in  all  processes  of 
cooking  in  which  moisture  is  added  or  retained,  by  which,  too,  its  diges- 
tibility is  improved. 

Scarcely  less  important  is  the  imfyrove^l Jla cH^r  and  aatjory  odor  which 
are  given  to  almost  all  articles  c-uoked,  and  which  greatly  stimulate  the 
secretion  of  the  digestive  fluids  by  which  they  are  ultimately  to  be  worked 
up.  The  direct  causes  of  these  odors  and  flavors  are  nut  precisely  known, 
Tliey  are  believed  to  be  due  to  the  formation  of  certain  undetermitied  prod- 
ucts, one  of  which,  of  oi^iiic  nitrogenous  composition,  has  been  called 
oamazora. 

Finally,  the  inorffanic  saltSf  among  whicji  the  potash  sails  are  promi- 
nentf  are  Utrgdy  diasoloeil  in  the  expressed  juices  or  the  water  added  in 
cooking. 

Soupfi  and  Beef  Teas. 

The  chief  representative  food  in  which  all  these  effects  are  combined 
are  the  soups  or  broths,  made  with  the  addition  of  water  during  the  pro- 
cess of  cooking,  although  the  flavoring  and  odoriferous  substances  are 
perhaps  not  so  highly  developed  aa  in  some  other  processes,  especially 
broiling  and  roasting.  Soups  contain  chiefly  gelatin,  extractive  matters^ 
the  salts,  and  some  floating  fat.  Albuminous  substances  are  insoluble  in 
hot  water,  and,  coagulating,  remain  with  the  meat  if  it  has  been  immedi- 
ately placed  in  hot  water.  If,  however,  the  water,  when  first  added,  be 
cold,  the  free  albumen  is  dissolved  in  it,  but  coagulates  as  the  water 
becomes  hot,  and  is  removed  with  the  scum.  Tlie  flesh  remaining  contains, 
however,  the  most  nourishing  constituents,  the  myosin  and  gelatin  pro- 
ducing tissues  and,  in  the  first  instance,  also  the  albumen,  but  no  longer 
the  pleasantly  flavored  portions  or  the  salts,'  which  have  gone  over  into 
the  water  or  soup.  The  solid  particles  of  the  meat  should  therefore  be 
comminuted  and  retained,  not  thrown  away,  as  has  been  the  custom  in 
the  "  beef  essence,"  so  called,  prepared  for  the  sick.  Soups,  as  ordinarily 
prepared,  contain,  after  the  meat  is  withdrawn,  but  from  nine  to  ten  parts 
in  the  1,000  of  solid  matter,*  and  we  may  well  be  surprised  that  so  much 
nutritive  power  should  have  been  aacril>ed  to  them.  Dnuhtless  some  ad- 
vantage accrues  from  the  stimulating  effect  upon  the  heart,  of  the  alkaline 
salts,  which  the  concentrated  broths  contain  in  considerable  quantity. 
Something  similar  to  this  seems  indeed  to  have  been  r^iebtg^s  view  with 
regard  to  the  effects  of  beef-tea  and  extract  of  beef.  For,  in  a  recent 
communication,  he  says,  he  "  never  assorted  that  beef-tea  and  extract  of 
meat  contained  substances  necessary  for  the  formation  of  albumen  in  the 

'  Uermuin  :  GrnDdrltn  d^r  Physiologie  des  M«nsch«n,  Vierte  verbeaMite  and  ver- 
mshrto  Auflaec,  Bcrliu.  1872.  p.  IDI. 

'  Flint.  Jr. ;  Pbysiologj  of  Man,  '*  Alimentation,  Digostlun,  and  Abaorptiuu,'*  New 
fork,  1671,  iK'87. 
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blood  and  muscutu*  tissae ;  and  that,  by  the  addition  of  extract  of  meat 
to  our  food,  we  neither  eoonomize  carbon  for  the  maintenance  of  the  tem- 
pcraturCj  nor  nitro^n  for  the  sustenance  uf  the  organs  of  our  body;  and 
that  therefore  it  cannot  be  called  food,  in  the  ordinary  sense;  but  we 
thereby  increase  the  working  capabilities  of  the  body  and  Us  capacity  to 
resist  injurious  influences,  *.  e.,  to  maintain  health  under  favorable  circum- 
stances/'' He  further  says  that  those  constituents  of  the  meat,  which  are 
soluble  in  boiling  water,  take  no  {>art  in  the  formation  and  renovation  of 
the  muscular  tissues,  but  by  their  effect  on  the  nen'es  they  exercise  a 
most  decided  influence  on  the  muscular  work,  wherein  meat  differs  from 
all  other  animal  and  vegetable  food.  He  therefore  places  extract  of  meal, 
and  with  it  tea  and  coffee,  under  the  head  of  *'  nervous  foo<l/*  in  contra- 
distinction to  articles  of  "  cummun  food,"  which  serve  for  the  preservation 
of  temi>erature  and  the  reatoration  of  the  machine.  Hut  tea  and  extract 
of  meat  are  of  themselves  incapable  of  supporting  nutrition  or  maintain- 
ing life.' 

But  from  the  above  it  is  evident  that  if  the  nutrient  matter  which  has 
boon  hitherto  thrown  away,  leaving  in  some  instances  little  more  than  a 
watery  solution  of  the  alkaline  salts,  could  be  retained  in  some  such  way 
as  to  make  it  easily  assimilable,  the  efficiency  of  those  preparations  would 
be  greatly  increased.  This  is  in  a  measure  accomplished  in  tlie  prepara- 
tion known  as  "  beef- essence,"  as  distinguished  from  "  beef-tea,"  prepared 
from  liiiely  chopped  pieces  of  lean  moat,  to  which  is  added  hut  a  small 
quantity  of  water,  while  the  whole  is  subjected  in  a  closed  vessel  to  the 
prolonged  action  of  a  water-bath.  This  results  in  a  more  or  less  complete 
comminution  of  the  muscular  fibre,  which  passes  over  with  the  salts  and 
juices  into  the  water,  and,  if  the  remaining  meat  be  further  compressed, 
perhaps  most  of  the  directly  nutrient  matter  as  well  as  the  stimulating 
salts  arc  obtained.  The  '*  beef-tea,"  so  called,  is  more  a  watery  solution 
of  the  salts  with  less  of  the  tissue- forming  material  of  the  meat. 

There  has  recently  been  Introduced  to  the  market  a  preparation  known 
as  Johnston's  '*  Fluid  Beef,"  which,  if  prepared  as  claimed,  would  seem  to 
meet  all  the  requirements  of  a  concentrated  food.  The  process  is  as  fol- 
lows: The  beef  is  first  treated  so  as  to  obtain  the  albumen  and  fibrin  in  a 
highly  concentrated  form;  these  nitrogenous  compounds  are  then  reduced 
to  a  powder  capal>le  of  susjwnston  in  water,  and  added  to,"  the  extract  of 
beef"  carefully  prepared.  There  results  a  paste,  which  is  claimed  to  con- 
tain, and  which  must  cuntatn  if  the  process  descTibed  is  carried  out,  all 
the  constituents  of  beef.      It  is  used  diluted  in  water. 

TiiK  Propkb  Daii.t  AjtouicT  OF  Food. 

The  amount  of  food  requisite  to  keep  up  a  perfect  state  of  the  body 
depends  so  much  upoit  circumstances  of  occupation,  habit,  climate,  age, 
sex,  etc.,  that  tlie  best  guide  is  generally  found  in  the  information  afforded 


1  NnrthwcHtem  Medical  and  Surgical  Joamal,  October.  1873.  Crom  the  Loodoo 
Medical  n«oord.  AprU  16,  1873. 
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by  the  sensations  oE  the  iiuliviilual.  It  is  the  universal  conclusion  of  aU 
who  have  directed  their  attention  to  the  suhjoct,  that  the  time  to  cease 
eating  is  that  at  which  a  feeling  of  comfortublc  satiety  is  reached.  This, 
while  it  tnay  he  indeitrribabh:,  is,  iirVi-rtheloAS,  imt  ilifTicmlt  of  recoirtiitioii; 
althoug'h  there  may  still  be  an  inclination  to  eat  on  account  of  }ili*a.sant 
£cii»ations  due  to  the  agreeable  flavor  of  the  food,  it  should  be  resisted. 
At  all  times  to  eat  until  a  sense  of  discomfort,  caused  by  distention  of  the 
stomach,  is  ^each^^d,  ultimately  results  in  dyspepsia. 

As  ^ardiaus  of  the  }>ubltc  health,  however,  medical  men  arc  frequently 
called  u})on  for  iaformation  with  regard  to  the  dietaries  of  such  public  in- 
stitutions as  hospitals,  prisons,  almshouses,  etc.,  while  the  success  of  ex- 
peditions by  land  and  sea  depends  as  much,  if  not  more,  upon  a  projjer  sup- 
ply of  food,  than  upon  any  other  element — less,  however,  in  these  days  of 
rapid  steam  transit  than  in  earlier  times,  w^hen  long  voyages  and  expeditions 
were  more  common.  Accordingly,  much  attention  has  been  given  to  the 
subject  of  dietaries,  and  physiologists  have  sought  to  detennine  the  proper 
daily  quantity  of  food  by  experiment,  by  oxtendod  observation  of  the 
habits  of  communities  and  districts  in  which  the  people  are  engaged  in 
different  pursuits,  and  by  estimating  the  sum  of  excreted  matters,  which 
must,  of  course,  be  compensated  by  a  suitable  supply  of  aliment. 

From  investigations  in  the  former  direction— experiment  and  observa- 
tion— by  Drs.  Christison,  Edw.  Smith,  and  Lyon  Playfair  in  England, 
Moleachott,  Pettenkofer  and  Volt,  and  Liebig  on  the  continent  of  Europe, 
Dr.Letheby  '  deduces  the  following  average  requirements: 
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In  estimating  by  the  second  method  of  inquiry,  it  must  be  home  in 
mind  that  the  excreta  are  greatly  influenced  by  the  quantity  and  kind  of 
food.  It  is  well  known  that  if  the  supply  of  food  be  diminished  within 
limits,  life  is  still  perserved  by  a  proportionate  reduction  of  the  excreta. 

Examining  the  subject  fmm  this  standpoint,  we  arc  early  imprns.sod 
with  the  amount  of  waste  matter  daily  thrown  off.  Thus,  Prof.  Dalton  ' 
estimates  the  daily  diKcharges  from  the  body,  including  that  from  the 
pulmonar)'  and  cutaneous  surfaces,  as  something  mons  than  7  lbs.  avoir- 
dupois, or  3.171  kilogrms. 

Dr.  Edw,  Smith  considers  that  a  healthy  man,  of  average  weight  (150 
lbs, ,  or  67.95  kilogrms.),  discharges  from  the  lungs  243.8  gnns.  {8.57  t>z.) 
carbon,  which,  added  to  the  quantity  discharged  from  the  skin  aiid  bowels, 
is  not  leas  than  272.0  grms.  daily,  or  4  grms.  per  kilogrm.  (9,6  ox,  dally  = 


'  Lethcby  :  Go  Fooa.  Ne»  York.  1872,  p.  108, 

*  Dalton :  Human  rhrsiology.  3th  od.,  Philadelphia,  1871,  p.  100. 
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4200  grs.,  or  2S  gra.  pop  lb.)  of  the  man's  weight.  During  light  lai>or  it 
ring^'S  fr(im  2ti2.0  grms.  to  297.S  grms.  (0.16  oz.  to  10.5  o«.);  and  daring 
hard  work,  from  354.*^  gnns.  to  390.70  grms.  (13.5  oz.  to  14  ox.).  Supposing 
the  first  figures  to  represent  idleness,  the  second  moderate  exercise  (routine 
work,  and  the  last  liard  work,  they  represent  6K.1  grms.  (21.6  oz.),  6C0.5 
grms.  (23.G.3  oz.),  and  803.7  grms.  (31.5  or.)  of  dry  carbonaceous  matter, 
calculated  as  starch,  for  the  three  degrees  of  actiWty  rcspccdvely. 

As  to  the  amount  of  nitrogen  excreted,  the  results  are  subject  to  con- 
siderable variation,  which  the  most  modern  researches  have  shown  to  be 
dependent  upon  the  kind  of  foo<l  rather  than  the  degree  of  tissue  meta* 
morphosia.  The  ssme  observer  concludes  that  an  average-sized  man,  per- 
forming routine  work,  secretes  from  141.5  milligrms.  to  177  miiligrms.  per 
kilogrm.  (0.02  grs.  to  1.4  grs.  per  lb.)  weight,  or  8.03  grms.  tol3.6gnnB,  per 
67.95  kilognns.  (135.9  grs.  to  210  grs.  per  150  lbs.);  a  fair  average  being  10:3 
mtlligrnis.  per  kilogrni.,or  H.'-igrms.  per  67.95  kilogrms.  (1.16  grs.  per  lb., 
or  173  grs.  per  100  Ihs.). 

Adding  the  excretion  of  nitrogen  in  other  forms  than  urea  in  the 
urine  and  that  pnssod  in  the  fnroes,  we  may  adopt  for  the  total  anmuiits 
the  figures  of  Dr.  Letheby  as  sufficienlly  correct — being  1*J.31  grms. 
(190  grs.)  at  rest,  and  19.43  grms.  (300  grs.)  when  at  routine  work,  and 
Append  the  following  comparative  table  from  the  same  author.* 
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The  fii-st  of  these  averages  is  represented  by  .90  kilogrms.  (2  lbs.  2  ox.) 
of  bread,  and  the  second  by  about  1.68  kilogrms.  (3^^  lbs.).  Whence,  too, 
it  appears  that  the  relation  of  the  nitrogenous  to  the  carbonaceoas  con- 
stituents of  food  should  be  as  I  to  6  or  0|-,  and  the  relation  of  nitrogen  to 
carbon  as  1  to  10;  whcress  iit  bread  it  is  as  1  to  23,  and  in  meat  1  to  10; 
showing,  as  already  stated,  that  the  former  rec|uires  the  addition  of  plas- 
tic matter,  and  the  latter  of  respiratory.  In  milk  the  proportion  of  nitro- 
genous to  carbonaceous  coiisiitueuls  is  ss  1  to  3.0  (calculating  butter  as 
starch),  and  the  proportion  of  nitrogen  to  cMirbon  1  to  13|  doubtless  the 
proportions  required  in  the  dietaries  of  children. 

A  very  much  more  liberal  allowance  than  this,  however,  should  be 
adopted  in  actual  practice.  Dr.  FMw.  .Smith  says  "that  even  in  periods 
of  idleness  a  tnan*s  daily  food  should  not  contain  less  than  376.GI  grms. 


'  Letheby :  Op.  dt.,  p.  110 
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(4o00  grs.)  of  carbon  and  12.0C  ^ms.  (200  grs.)  of  nitrogen;  and  a 
woinan^s  at  least  '^oii.OSt  grms.  (3U00  gra.)  of  carbon  with  ll.Cfi  prms, 
(ISO  gw.)  of  nitro^t'H — these  beiiiju;  the  proportions  which  in  his  upiiiion 
are  iieoessary  to  avert  starvation  diseases:  and  they  are  represented  in 
ihe  case  of  a  man^s  diet^y  0:itt.48  grnis.  {^iZ  oz,J  of  curhonaceoua  food 
and  84.10  gnns.  {^.97  o/-)  of  nitrogenous." 

Having  given  the  proportion  of  carbonaceous  and  nitrogenous  matter 
in  different  kinds  of  food,  and  knowing  the  requirements  of  an  average- 
Hxed  man,  we  may  thence  make  up  a  dietary  for  a  known  number  of  men 
for  a  certain  lengtli  of  lime.  The  following  table,  from  Dr.  I^theby's  vol- 
ume on  Food,  shows  the  quantity  of  different  articlesof  diet  which  contain 
84.1G  grms.  (2.97  oz.)  of  nitrogenous  matter,  and  it  also  shows  the  pro- 
portion  of  carbonaceous  mattor  associated  in  each. 


InscBipnoH  or  food. 
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Skim  cheese 

White  tish 

Lean  meat ........ 

Skim  milk 

Peas 

New  milk 
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Wheal  flour. 
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Rye  meal 

Barley  meal 

Rice 
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Oiiocea 
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7.43 
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Prof.  Dalton,  whose  observations  are  based  upon  experiment  rather 
than  upon  theory,  has  found  that  the  entire  quantity  of  food  required 
during  twenty-four  hours,  by  a  man  in  full  healtli  and  taking  free  exer- 
ctae,  is  very  much  more  than  the  rest  allowance  of  Dr.  Edw.  Smith.  Prol 
DaIton*6  quantities  are  as  follows  :  * 

Meat 463  grms.  (16   oz.   or    1  lb.  avuird.) 

Br«afl 538.46       "  (19    '*      "     1.19        "      ) 

Butter  or  fat 99.19       "  (3^    "      "     0.22       "      ) 

Water. 1,54  litre*  (52  fluid  ox.  3.25       '•      ) 

'  Although  the  fattcolDg  and  respiratory  power  of  starch,  sagmr,  gwo,  and  peotfai 
are  nearly  the  same,  tb«  power  of  fat  is  a  little  more  than  twice  as  great  as  that  of 
■agar. 

•Daltoo,  Prof.  J.  C,  M.D.:  Op.  cit.,  p.  100. 
Vol.  I.— 18 


Making  over  1.132  kilogrin9.,orll33  grnis.  (S^^  lbs.  or  40  oz.  aroini.)  of 
solid  food  and  rather  over  1.4  litres  (three  pints)  ot  liquid  food. 

The  quantity  of  water  consumed  in  the  free  state  is  subject  to  great 
variations,  much  depending-  upon  habit,  while  the  water  contained  in  th* 
difTorent  solid  articles  of  food  is  so  variablo^hat  much  tniKltBcation  is 
resullingly  made  iu  the  amount  in  the  free  state.  Indeed,  the  water  con* 
tained  in  some  food,  as  succulent  vegetables,  may  be  so  abundant  that  no 
additional  fluid  is  required. 

A  comparison  of  these  quantities  with  the  table  above  given  will  show 
that  this  allowance  is  considerably  more  liberal  than  the  diet  uf  rest  of 
Dr.  Smith,  but  coiuiiderably  less  than  the  diet  of  routine  work. 


Army  and  Navy  Rations. 

A  British  volunteer  in  camp,  in  September,  1871,  received  daily, 
according  to  Dr.  Lotheby,'  fi79  grms.  (1^  lbs.)  broad,  or  453  grms.  (1  lb.) 
biscuit;  339  grms.  (|  lb.)  fresh  meat,  or  453  grms.  (1  lb.)  salt  meat,  or 
226  grms.  (^  lb.)  preson'od  meat;  4.72  grms,  (J  ox.)  tea;  9.44  grms.  (|  ox.) 
coffee;  5tl.(J8  gnns.  (2  oz.)  sugar;  26.34  grms.  (1  oa.)  of  salt;  and  a  very 
small  quantity  of  pepper.  This,  exclusive  of  tea  and  coffee,  contalna 
1G.14  gnns.  (270  grs.)  nitrogen,  and  305.24  grms.  (4721  grs.)  of  carbon  ; 
which  are  equal  to  686.8  grms.  (24.27  oa.)  of  dry  carbonaceous  matter, 
oalctilated  as  starch,  and  113. 3C  grms.  (4  oz.)  nitrogenous  mattor,  con- 
tuining  3U5.24  grms.  (47^1  gra.)  carbon  and  16.14  grms.  (270  grs.)  nitro* 
gen. 

The  British  aailor  receives,  according  to  Or.  Car|M(nter,^  878.5  t»»  991.9 
grms.  (31  to  35  oz.)  of  dry  nutritious  matter,  of  which  736.8  grms.  (26  at.) 
are  vegetable  und  the  remainder  animal;  and  these  contain  112.76  grms. 
(5  oz.)  of  nitrogenous  matter  and  283.4  grms.  (10  or.,)  of  carbon,  as  docs 
also,  according  to  the  same  author,  the  ration  of  the  British  soldier. 
Playfair'  gives  about  the  same  figures  for  the  English  Hailor;  but  hi» 
aoldier^s  war  ration  seems  to  be  an  average  derived  from  the  actual  die- 
taries of  Kuropean  and  American  soldiers  during  recent  want,  which  xa 
153.3  grms.  (5.41  oz.)  of  nitrogenous  food,  and  360.31  grms.  (5561  gr8.= 
12.71  oz.)  of  carbon,  or,  ostimatod  as  starch,  665.42  grms.  (23.48  oi.).  The 
French  soldier  receives,  according  to  Carpenter,  134.6  grms.  (4f  oz.) 
nitrogenous  food  and  340.08  grms.  (12  oz.)  carbonaceous;  the  French 
Bailor,  according  to  Playfair,  162.67  grms.  (5.74  oz.)  nitrogenous  food 
and  372.10  grms.  (13.13  ox.)  carbon,  or,  estimated  as  starch,  756.67  grms. 
(26.70  oz.). 

The  daily  ration  of  the  United  States  soldier  is,  of  bread  or  flour, 
623.48  grms.  (22  oz.);  fresh  or  salt  beef  (or  pork  or  bacon,  320.08  grms 
(12  oz.) ),  560.8  grms.  (20  oz.);   potatoes,  three  times  a  week,  453  grms. 

■Op.  dt,  p.  114.     * 

'Carpeater,  W  B.,  M.D.:  Principles  of  Knman  Phyaiolog]r.  7th  Ed..  Loodoo.  ISM, 
p  B3. 

'  FUgrfair  in  Letbeby  on  Pood.  p.  US. 
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(16  ox.);  riue,  45.4  grtns.  (1.6  oz.);  coffee,  45.4  gnns.  (1.6  oz.);  su^r,  68.01 
jfrms.  (2.4  ox.);  beans,  39.57  grms.  (0.(14  gill);  vinegar,  14.78  grms.  (0.32 
gill);  salt,  7.30  grms.  (O.IO  gill).  The  bread,  meat  (considered  as  lean)» 
and  potatoes  furnish^  according  to  fjethehy's  table,  169.18  grms.  (5.97  oz.) 
iiitrugenoiia  food,  and  496.23  gnn.s.  (17-51  oz.)  carbonaceous,  (calculated 
as  Htarch;  Hulistitiittng  340.08  grins,  (li  oz.)  pork  for  the  5tj6.8  grms, 
(20  oz.)  fresh  lean  beef,  we  would  have  92.05  grms.  (3.28  oz.)  nitroge- 
nous food,  and  8i>0.96  gmiH.  (30.38  oz.)  carbonaceous,  calculated  as  starch. 
AVhen  we  add  to  the  above  the  alimentary  principles  contained  in  the 
rice,  beans,  sngar,  and  coffee,  it  will  be  seen  that  the  United  States  ration 
is  far  more  liberal  than  that  of  othi-'r  natiani^.  So  liberal  i«  it  that  even  In 
war  the  "  company  fund "  derived  in  commutation  for  articles  not  con- 
sumed, when  well  managed,  increases  rapi<n\';  and  during  our  recent 
civil  wiir  t\tf  atU'untagp  of  tluH  lil>erality  wh»  shown,  on  the  march,  and  in 
the  hospital,  in  diminished  fatigue  and  recovery  from  disease,  as  well  as 
the  power  of  warding  olF  all  ordinary  affections,  excepting  those*  due  to 
malaria. 

Habit  is  known  to  have  considerable  Influence  upon  the  amount  of 
food  consumed,  and  the  effect  of  climate  has  already  been  alluded  to. 
The  quantities  consumed  by  the  natives  of  extreme  northern  latitudes 
have  long  been  subjects  of  wonder  to  the  readers  of  arctic  voyages.  Cap- 
tain Parn"  relates,  in  his  "  Arctic  Voyages,"  an  inslanie  of  a  young  Es- 
quimaux, not  full  grown,  who  consumed,  in  less  than  twenty-four  hours, 
1.92  kilogrms.  (4^  lbs.)  of  the  raw,  frozen  6esh  of  a  sea-hursc,  the  same  quan- 
tity boiled,  .789  kilogrm.  (IJ  lbs.)  bread,  besides  .591  litre  (IJ  pints)  of  rich 
gravy  soup,  a  tumbler  of  strong  grog,  three  wineglas^ps  of  raw  spirits, 
and  4.25  litres  ('.)  pints)  of  water.  According  to  Sir  Jcihii  Ross  ami  Sir 
John  Franklin,  the  daily  ration  of  an  Ksquimaux  is  9.0G  kilogrms.  (20  lbs.) 
of  flesh  and  blubber;  according  la  Dr.  Hayes"  personal  oliservation,  tt  is 
from  5.43  to  9.06  kilogrnw.  (12  to  20  lbs.)  meat,  one-thirtl  of  which  is  fat. 
The  latter  observer  remarked  the  effect  of  the  cold  upon  the  appetito 
of  his  own  party,  particularly  in  a  craving  for  fats.  .Some  of  their  num- 
ber were  in  the  habit  of  drinking  the  contents  of  the  oil-hettlo  with  evi- 
dent relish. 

On  the  other  hand,  the  small  amounts  which  servo  to  sustain  life, 
and,  apparently,  health,  are  equally  wonderful.  The  instances  of  Cor- 
n&ro^  and  Thomas  Wood,  the  miller  of  Uelaricoy,  related  by  Dr.  Carpen- 
ter,' are  sufficiently  striking.  The  former  subsisted  upon  340.08  grms, 
(12  oz.)  a  day,  chiefly  of  vegetable  matter,  with  306.76  grms.  (14  oz.)  of 
light  wine,  for  fifty-eight  years.  The  latter  sustained  a  remarkable  de- 
gree of  vigor,  for  upward  of  eighteen  years,  upon  no  other  initrimnnt 
than  453  grms,  (16  oz.)of  flour  (containing  about  .390.76  grms.  (14  oz.)  of 
dry  solids),  made  into  a  pudding  with  water,  no  other  liquid  being  taken. 
All  instances  of  total  abstinence  from  food  for  any  length  of  time  may  be 


'  Banch :  Pajrchology  luid  AotJiropologXt  ^^  Editioa,  Kevr  York. 
*  Principles  of  Htiman  Phjrgiology,  7th  Edition.  London,  1800,  p.  97. 
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put  down  as  impositions.     The  most  recent  of  these,  that  of  the  'Welsh 
fasting  girl,  was  thoroughly  investigated,  and  found  to  be  such.' 

Ckrtain   CoxniTioNS   and   Diskases  BssuLTtNO  FROK   THE   tJsK  or] 
Defbctivk,  Deficient,  Kxckbsivb,  or  Diseased  Food. 

77i€  Ejects  of  Partial  and  Total  Deprivation  of  Kood — Inanition. 

Since  inanition  is  insuflicicnt  alimentation^  and  starvation  total  depri- 
vation of  food,  the  results  uf  both  must  be  ultimately  identical,  being,  in 
the  fonner,  only  more  slowly  induced;    in  the  latter,  more  rapidly.     It  ia  ' 
tlierefore  iinpositiblo  to  cnnsidcr  thiMn  8c-pan»te]y. 

Although  certain  unimaU,  as  cats  and  rabbits  (the  latter,  when  fed  on 
fresh  green  vegutables,  never  drink  '),  bear  very  well  the  absence  of  water, 
except  what  is  contained  in  the  food  consumed  by  them,  it  is  said  to  be 
deniunded  by  most  mammals  more  iinperativcly  even  than  solid  food;"  at 
least  it  is  said  that  uninials  will  live  longer  if  deprived  of  solid  food,  and 
allowed  to  drink  freely,  than  if  deprived  of  both  food  and  drink.  But 
Schuchhardt  *  has  shown  that,  on  total  withdrawal  of  water,  animals  very 
soon  decline  to  take  solid  food;  while  Bischoff,  and  Voit  and  Chossal  have 
proven  that,  if  totally  deprived  of  solid  food,  they  very  soon  decline  to 
take  water;  so  that  it  comes  to  the  same  thing  whether  one  or  both  are 
withdrawn.  Further,  the  results  are  the  same,  whether  there  be  defect  in 
quantity  or  quality. 

Itesearches  upon  inanition  have  been  made  by  CTliossat*  upon  pigeons; 
Collard  de  Martigiiy,'  Biachoff  and  Voit  on  dogs;  and  Bidder  and  Sclimidt 
on  cats;  while  the  horrors  uf  shipwreck  and  famine  have  served  to  com- 
plete a  tolerably  correct  picture  of  its  phononiena  in  man.  The  very  first 
effect  of  diininisht^d  ingestion  or  defective  quality  of  food  is  an  ailaptatiixi 
of  the  organism  to  those  by  a  proportionate  lowering  of  its  tissue-chancres, 
and  a  resulting  of  falling  off  in  excretion.  Thence  result  lessened  capacity 
of  the  tissues  for  operations  nf  any  kind,  metital  or  physical,  although 
there  may  not  be  as  yd  a  reduction  of  weight.  Very  soon,  however,  this 
appears,  accompanied  by  a  decline  In  temperature,  rate  of  pulse,  and  respi- 
ration. The  loss  ill  weight  is  not  in  direct  pro|>ortion  to  the  amount  of 
food  withdniwn,  because  of  the  diminished  excretion  referred  to.  On  the 
other  band,  the  ma.ximuui  loss  occurs  at  the  early  part  of  the  experiment, 
partly  because  of  the  discharge  of  the  residue  of  aliment  (aken  the  day 


)  See  niimeruoH  cominunioationit,  witli  reganl  to,  in  the  Med.  Times  and  Gmictte, 
Villa.  I.  tuid  II.,  1S0U.  ium3  other  couteinporary  EDgliiih  jonmals. 
'  Hermann:  GrumlrUs  der  PhjttiQlo^e.  1872,  \\  30S,  note. 

*  Flint :  Phyaiolog7  of  Man,  volume  on  Alimentation,  DJjfCBtiou,  and  Ahtorptiott, 

p.ai. 

^Hermann:  Op.  cit.,  p.  303. 

*  OhoMat :  BeoherclioB  expfriinentalcfl  sar  rituuiltioii,  Paris,  184ft. 

*  Collard  de  Mortify :  RoehercheH  «xp«^'ri  men  tales  snr  les  effete  do  I'abBlineaoej 
ownpl&fce  d'allmcuui  solidcii  ct  liquidea,  mu-  U  composttaoD  ot  la  qttaiiUt6  da  aaug  et  d*  j 
la  Ijmphc.  Jour,  de  pbjiiiologie,  18^  Tome  VIII.,  p.  1G3. 
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before,  and  diminishes  progressively  with  the  excretion;  though  some- 
tinif^s,  in  Chossat's  experiments,  the  maximum  daily  loss  was  toward  the 
termination,  hut  never  at  the  middle.  The  lessened  temperature,  rate  of 
pulse,  and  respiration  are  due  to  diminished  oxidation.  There  is  not  a  uni- 
form diminution  of  tlic  excreta  in  all  instances.  Thus,  the  herbivora, 
which  naturallr  excrete  much  lei»  urea,  assume,  in  the  course  of  starva- 
tirin,  first  tho  nMe  of  camivonu  All  aiutnals,  dunng  starvation,  become 
ilesh-cotisumers,  consuming  their  own  tissues.  Urea  excretion  In  hcr- 
bivora  is  therefore  increased  until  it  approaches  that  of  caniivura,  after 
which  there  is  a  dinunutiou  corresponding  to  the  diminished  tissue- 
change.  In  carnivora,  the  falling  off  in  urea  is  tiudden  from  the  first,  and 
tho  more  ao  tho  greater  the  excretion  of  urea  before  starvation  began. 
Later,  however,  it  is  slower  and  more  regular,  because  then  the  "  organie 
albamen*^  of  the  tissues  is  being  consumed;  whereas,  in  the  beginning, it 
is  tho  intermediate  "  circulating  albumen,"  or  that  derived  more  directly 
from  the  last  food  (Voit). 

The  time  at  which  death  occurs  in  starvation  is  influenced  by  the  con- 
dition of  the  animal  as  to  ohrsUy  and  its  df/e.  When  an  animal  is  fat, 
some  time  is  ret|uired  until  it  is  reduced  to  the  condition  of  one  just  suffi- 
ciently nourished.  Thus,  while  (Jhossat  found  that  the  average  durattoti 
of  life  of  pigeons  was  a  little  more  than  ten  days,  two,  which  were  un- 
usually fat,  lived  respectively  16.79  and  20.4-2  days.  The  young  of  all 
animals  resist  death  from  starvation  most  feebly,  while  those  of  medium 
and  adult  age  exhibit  proportionately  increased  eudurauce.  Young  doves 
lived  only  until  one-fourth  of  their  body-weight  had  disappeared  (3  days), 
while  old  birds  lived  until  almost  half  Iiad  disappeared  (13  days).  Apart 
from  the  consideration  Just  mentioned,  Cliossat  found,  in  expcrimenta 
upon  birds,  guinea-jiigs,  and  rabbits,  that  death  quite  uniformly  resulted 
when  the  loss  of  weight  equalled  four-tenths  of  the  original  weight.  He 
found  the  average  duration  of  life  in  birds  9.35  days,  in  guinea-pigs  and 
rabbits,  09.0  Jays.  In  rabbits,  according  to  CoUard  de  Martigny,  the  dura- 
tion of  life  was  10  to  13  days;  in  dogs,  the  results  of  T.euret  and  I..a»- 
saigne  *  point  to  an  average  of  30  to  35  days.  In  Chossat's  exjierinieiU*, 
the  itifiuettce  of  tem/terature  in  temporarily  renewing  the  vitality  of  atar^'- 
ing  animals  was  strikingly  shown.  When  food  and  increased  tempera- 
ture were  afforded,  even  when  the  latter  had  almost  reached  the  point  at 
which  death  occurs,  they  were  able  to  digest  food,  and  slowly  but  com- 
pletely recovered-  When,  however,  food  alone  was  restored  to  them, 
they  did  not  recover.  Death  usually  occurred  in  doves  when  the  temjier- 
aturc  reached  30' F.  (— l.ll'  C.) 

The  importance  of  these  observations  upon  the  lower  animals  cannot 
be  overestimated,  for  their  results  are  equally  applicable  to  human  LitMiigs, 
and,  thus  applied,  enable  us  to  explain  raany  phenomena  observed  under 
ciraumstanccs  of  deficient  alimentation  in  man. 

'  t^euret  et  Lasuigne:  RechercbM  pbyiiologiqaos  ot  chimiques  pour  Bcrrir  &  I'hia- 
toire  do  U  dif^Mtion.  Paris,  1833.  p.  210. 
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The  len^h  of  time  during  which  hum&n  life  continues  without  food  is 
influnnced  by  »o  many  causes,  as  temperature,  obesity,  supply  of  water, 
etc,  that  it  is  only  poasible  to  state  it  approximately  at  from  o  to  8  dayH, 

After  a  certain  period  of  largely  deficient  or  total  deprivation  of  food. 
It  has  been  found  impossible,  both  in  the  case  of  man  and  in  that  of  ani- 
mals, to  maintain  life  by  a  restoration  of  food,  the  digestive  powers  seem- 
ing to  be  so  enfeebled  that  assimilation  is  no  longer  jKissible. 

It  has  already  been  said  that  the  efTects  of  insuthcient  aliment  are  the 
aame  aa  those  of  total  withdrawal  of  food,  except  that  they  are  loo^r  in 
producing  the  result.  The  same  is  true  of  the  effects  of  an  exclusive  diet, 
where  death  ultimately  results,  of  which  sufficient  evidence  has  already 
been  adduced.'  The  entire  loss  is,  however,  much  less  than  in  starvation, 
for  it  is  true  that  the  fatty  and  albuminous  food  may,  to  a  certain  extent, 
substitute  each  other.  If  albuminous  food  be  withdrawn,  and  a  diet  of  fat 
and  water,  or  of  fat,  carbohydrates,  and  water  be  substitnted,  there  is 
loss  of  weight,  but  less  than  in  total  withdrawal;  the  excretion  of  urea  ij* 
aignificantly  diminished,  corresponding  to  diminished  iugeation  of  nitrogen 
and  dimimshed  oxidation  of  the  nitrogenous  tissues. 

Marked  constitutional  effects  are  produced,  however,  only  after  some 
days.  Parkes  kept  a  strong  man  upon  fat  and  starch,  and  found  full 
vigor  preserved  for  five  days;  tn  a  man,  in  whom  he  reduced  the  amount 
of  nitrogen  one-half,  full  vigor  was  retained  for  seven  days.  If  the  absten- 
tion was  prolonged,  however,  there  was  great  loss  of  muscular  strength, 
often  mental  debility,  some  feverish  and  dyspeptic  symptoms;  then  fol- 
lowed aniEmia  and  great  prostration.  In  accordance  with  the  above  state- 
ment, the  elimination  of  nitrogen  in  the  form  of  urea  greatly  lessened, 
though  it  never  ceased,  while  the  uric  acid  diminished  in  less  degree." 
According  to  Hammond,  if  starch  be  largely  supplied,  the  weight  of  the 
body  does  not  lesson  for  seven  or  eight  days. 

If  fat  be  withheld,  hut  a  food  of  carbohydrates  with  albumen  per- 
mitted, there  is  no  signilicant  alteration  in  tissue-change.  If  the  carbo- 
hydrates be  also  withheld,  but  albumen  permitted,  there  is  a  decided 
increase  in  (he  excretion,  and  inorea.«ed  oxidation  of  the  nitrogen -holding 
constituents,  so  that,  for  maintenance  of  life,  more  albuminous  matter 
must  be  ingested.  T}ie  effect  of  a  deficiency  of  fat  in  an  ordinary  diet,  in 
developing  occasionally,  at  least,  a  scrofulous  diathesis,  has  been  alluded  to. 

An  effect  of  insufficient  or  defective  aliment,  most  imjwrtant  to  medi- 
cal men,  remains  to  be  noticed:  it  is  the  tendency  which  arises  in  those 
thus  situated  to  contract  the  so-called  zyniotie  diseases,  as  typhus  and 
malarial  fevers,  hospital  gangrene,  camp  diarrhrea,  and  dysentery.  This, 
is  thought  to  be  the  reason  why  pestilence  and  famine  go  hand  in  hand. 
The  observations  of  iJr.  Joseph  Jones  upon  the  Federal  prisoners  confined 
in  the  stockade  at  Camp  Sumter,  Georgia,  forms,  as  Dr.  Klint'  well  says; 

*B«e  page  194. 

»  Parfces :  Practical  Hypene,  Sth  7A  .  PTnladelphia,  1B78. 

'  Flint :  Phjidology  of  Man,  Tolonie  on  AlimentaiioD,  Pifreition,  Absorptioo,  p.  "T 
■.1 
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"  the  most  complete  scientific  history  of  inanition  over  written."  Th« 
effects  of  th«  deficient  diet,  consisting  daily  of  151  grmfc  (^  lb.)  bAcon 
and5C6  jpnns.  (1^  lbs.)  com  meal,  and  often  less,  in  connection  with  the  ac- 
cumalation  of  lar^e  quantities  of  the  most  noisome  filth  in  contracted 
space  (30,000  were  confined  to  a  space  of  27  acres),  in  the  production  of 
diarrhoea,  dysentery,  scurvy,  and  hospital  gan^ene,  with  the  frightfu] 
mortality  resulting  (10,000  in  lets  than  seven  months),  are  graphically 
portrayed,  and  form  one  of  the  most  stirring  chapters  in  the  history  of  the 
Ut«  rebellion.  It  is  interesting  to  note,  however,  that  malarial  and 
typhus  fevers  were  rare,' 

Parkes,  on  the  otiter  hand,  says  that  under  partial  deprivation  of  al- 
buminates (70  to  UK)  grs.  nitrogen  daily),  while  the  body  gradually  lessens 
in  activity,  and  passes  into  a  more  or  Jess  adynamic  condition,  which  pre- 
disposes to  all  the  specific  disease:;,  it  is  to  malarious  ajul  typhous  dfftc- 
tioM  etptcialty  that  this  predisposition  exists.  A  similar  disposition  to 
pneumonia  exists,  and  the  course  of  some  of  these  diseases,  as  typhoid 
fever,  is  modified,  the  latter  running  its  cours*-  with  less  elevation  of  tem- 
perature and  no  excess  of  ufRal  secretion.' 

l%e  Restdt*  of  an  Excess  of  Food. 
(S«e  also  ps^  IBS.) 

These  are  not  uniform.  Most  frequently  dyspepsia  results  from  the 
irritation  of  the  undigested  and  therefore  unabsorbed  excess.  Few  per- 
sons have  failed  to  observe  some  of  the  slighter  degrees  of  such  indigcs* 
tion.  Fermentation  and  decomposition  result  in  the  evolution  of  gases, 
the  chief  among  which  are  carbonic  acid,  sulphuretted  and  carburetted 
hydrogen.  These  are  eructated,  and  passed  per  anum.  When  larger 
amounts  are  ingested,  to  tht^tte  syniptoitis  succeed  crapulous  diarrhoea, 
caused  by  the  irritation,  and  the  partly  digested  and  partly  decomposed 
matter  is  gotten  rid  of.  On  the  other  hand,  constipation  sometimes  results, 
and  purgatives  are  necessary  to  accomplish  this.  Septic  conditions,  due 
to  the  absorption  of  decompoiied  food,  are  not  common;  and  the  furred 
tongue,  fetid  breath,  nausea,  and  even  feverishness,  often  seen,  are  more 
frequently  due  to  the  irritation  of  the  undigested  mass  in  the  alimentary 
canal  than  its  absorption.  This  same  train  of  symptoms  with  concen- 
trated urine,  due  to  increased  urea  elimination,  may,  however,  result  from 
absorption  of  putrid  food. 

'  InTCstJgatioiu  upon  the  tKaeadefl  of  the  Federal  Prisoiien  confined  in  Camp 
Homtcr,  ADderwmvillc.  Ga.,  iiistitut«d  with  a  view  to  fllnstrate  cbiofly  tlie  Origin  and 
CaoMS  of  Hoepitol  Gan(p%ne,  the  Hclattons  of  Continued  and  Malarial  Feveni,  and 
tbc  Pathology  of  Camp  Diarrhfi»  and  Dyiientery,  by  Jomph  Jonen,  H.D.,  Prof. 
of  Medical  Cbeiniitry  in  the  Medical  College  of  Georgia,  at  Angusta,  and  formerly 
Hiufeon  in  the  Proviidunal  Army  of  the  Confederatts  RtatcH  ;  in  3  toId,,  manascript, 
Angiuta,  Oa..  18(15-'69.  For  a  full  and  admirable  abstract  tee  also  AuKtin  Flint's 
Pbynology  of  Man,  Tolnme  on  AUmentation,  Digestion,  and  Nutrition,  p.  87  etseq.. 
New  York,  1871. 

Parkei ;  Op.  cit.,  p.  204. 
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It  is  scarcely  necessaiy  to  state  that  in  most  persona  a  moderate  ei- 
oeas  of  food  over  the  force -deniaiKls  of  the  economy  results  in  the  laying 
CD  of  an  incrcsiiod  amount  of  fatty  or  adipose  tissue,  derived  in  part  from 
the  albumens  of  the  food  and  partly  from  the  oils  and  carbohydrates, 
■while  the  nitrogen  is  eliminated  tn  the  urine  in  the  »haf>c  of  urea.  Any* 
thin;;  beyond  such  moderate  excess  of  any  of  those  tltree  divisions  of  ali- 
mentary pniiciples  usually  passes  away  in  the  ftecos,  with  more  or  less  of 
the  symptoms  of  dyspepsia  alluded  to. 

Although  the  facts,  as  stated  id  the  last  paragraph,  cover  a  majority  of 
instances,  it  ia  atill  possible  for  some  one  or  mure  of  the  chief  alimentary 
priiiriptes  to  be  digested  and  absorbed  in  such  quantity  as  to  produc** 
harmful  results.  This  is  ])rr>bably  more  frequently  the  rase  when  habit  or 
necessity  has  caused  the  individual  to  use,  ns  food,  a  large  amotint  of  one 
of  these  principles,  to  the  exclusion  of  a  proper  proportion  of  the  rest. 
Allusion  has  already  been  made  (page  185)  to  the  congestions  of  the  liver 
and  gouty  diathesis,  caused  by  an  excess  of  albuminates.  The  expori* 
ments  of  Dr.  Hammond '  prov(^d  that  albuminuria  makes  its  appearance, 
sooner  or  later,  after  the  adoption  of  an  exclusive  albuminous  diet.  An 
excess  of  albuminates  also  eausoH  a  more  rapid  oxidation  of  fat,  while  an 
excess  of  fat  lesutons  the  absorption  of  oxygen,  and  hinders  the  metamor- 
phosis of  both  fat  and  albuminous  tissues.  (See  also  page  186  for  sora<> 
of  the  effects  of  an  excessive  proportion  of  fatty  and  farinaceous  principleSw) 


Ergotism  is  the  constitutional  condition  produced  by  the  long-con- 
tinued use  of  the  ergot  of  rye  (Claviceps  purpurea),  in  the  shape  of  bread 
and  other  prGparations  made  of  flour,  derived  from  spurred  rye  or  wheat, 
barley,  rice,  or  other  grains,  upon  which  it  develops  in  wet  seasons,  and  in 
certain  countries,  as  France,  Switzerland,  and  G-ermany.  Ergot -poisoning 
was  very  much  more  common  many  years  ago,  from  the  ninth  to  thn 
eighteenth  century,  than  at  present.  During  that  period  epidemics  de- 
vastating whole  races  of  people  were  common,  but  of  late  years  they  have 
been  very  rare.  The  cause  of  ergotism  was  discovered  in  1030  by  Thuil- 
lier. 

Tliere  are  two  forms  of  chronic  ergot-poisoning:  one  characterized  by 
the  presence  of  convulsions  with  disturbance  of  sensation,  and  called  spas- 
modic ergotism;  the  second  by  gangrene  of  the  extremities  and  face,  and 
is  called  gangrenous  ei^otism. 

iipasmodic  ergotUm. — Of  this  the  symptoms  are,  first,  a  peculiar  irrita- 
tion of  the  sensitive  nerves  of  the  skin,  affecting  chiefly  the  fingers  and  toes, 
and  compared  to  that  of  the  creeping  of  ants,  which  continues  throughout 
the  whole  illness,  and  is  the  last  to  disappear;  second,  almost  simultaneously^ 

*  Hammond  :  Experimental  Beaeanshes,  p>  SO. 

'  We  hare  nothing  to  do,  In  a  treatine  on  Hygiene,  wtth  the  so-called  acuta  nrgoi- 
poisnning,  n  condition  induced  whou  lar^o  qaanUtica  oC  ergot  aco  introduced  Into  the 
economy  for  medication  or  othor  purpoeea. 
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symptoms  of  gastro-intcstinal  irritation,  vomiting,  purging,  and  colicky 
puns;  third,  insatiable  hunger  aecompanyitig  thu  vomiting  and  diarrhoea; 
fourth,  the  formication  becomes  very  acute  pain;  llftb,  a  peculiar  sensation 
of  discomfort,  anxiety,  and  weariness,  gidditiess;  finally,  involuntary 
twitchings  at  iirst  in  widely  diifcront  gniups  of  muscles,  as  the  tongue  and 
extremities,  which  soon  pass  into  painful  continuous  contractions,  espe- 
cially affecting  the  flexors.  This  latter  (the  muscular  cramp)  lasts  from 
half  an  hour  to  an  hour  or  more,  followed  b_f  a  i>eriod  of  exhaustion,  which 
is  soon  succeeded  by  another  painful  convulsion.  There  may  be  delirium 
with  loss  of  sight  or  hearing.  The  pupils  are  usually  contracted,  some- 
times  distorted,  tlic  eyes  fixed,  the  skiu  covered  with  cold  perspiration, 
urine  suppressed,  while  there  is  violent  dysnria  from  spasm  of  the  bladder. 
Pustules  and  boils  sometimes  appear  U}>nn  the  skin,  while  whitlows  and 
other  nutritional  derangements  make  their  appearance  at  ditTereiit  date; 
cardiac  contractions  are  slow  and  feeble,  and  the  arteries  are  constricted, 
containing  little  blood.  Death  may  occur  from  cardiac  paralysis,  and  is 
g^^nerally  ushered  in  by  convulsions  or  paralytic  symptoms.  The  duration 
of  the  illness  is  from  four  to  eight  weeks  or  longer. 

GanffTcnotm  tr'jothm. — In  gangrenous  ergotism  we  first  Iiavo  more  or 
leas  the  same  train  of  symptoms  as  those  described  in  spasmodic.  To 
these  is  superadded,  sometimes  from  the  third  day  to  the  fourth  week,  an 
erysipelatous  redness  in  some  peripheral  locality,  on  the  toca  and  feet;  less 
frequently  on  the  fingers,  hand.s,  ears,  and  nose.  This  is  followed  by  blebs, 
with  ichorous  contents,  which  soon  discharge  and  leave  a  gangrenous  8{>ot 
of  varying  size,  whence  dry  gangrene  is  developed;  although  the  moist 
variety  may  supervene  in  accordance  with  the  amount  of  moisture.  It 
may  be  confined  to  a  finger  or  toe,  or  may  involve  the  whole  band  or  foot. 
The  disease  sometimes  stops  short  at  the  erysipelatous  redness. 

FitUagra  is  a  disease  which  is  thought  to  ho  due  to  a  fungus  which 
inffjtts  maize  or  Indian  corn.  It  occurs  particularly  in  Lombardy,  and  is 
characterized  by  a  scaly  and  wrinkled  condition  of  the  skin,  especially 
of  those  parts  exposed  to  the  air.  The  strength  and  mental  faculties  are 
a/feoted,  sensation  is  obtunded,  and  cramps  and  convulsions  supervene, 
much  as  in  ergotism. 

TVichiniash, 

Trichiniasts  is  an  acute  febrile  disease,  in  which  the  muscular  system  \» 
infested  with  the  trichina  spiritUa,  an  extremely  fine,  thread-like,  rouufl 
worm,  with  a  still  finer  head,  but  more  rounded  hinder  extremity.  This 
worm  lies  partially  coiled  within  the  sarcolemma  of  the  ultimate  muscular 
fasciculus.  The  trichina  exists  in  two  forms,  the  inuscle-trirhina  and  the 
intestinal  trichina.  The  latter  is  the  mature  sexual  trichina,  and  is  larger 
in  size  than  the  muscle-trichina,  being,  in  the  case  of  the  male,  1^  ram. 
(l*?  '"•)»  ^"'^  **'*^  f(»male,  3  to  4  mm.  {\  to  ^  in.)  in  length.  Tlio  muscle- 
trichina,  at  its  maximum  size,  is  only  .7  to  1  mm.  {-^g  in.)  long.  The 
most  inijrartant  diHcrence,  however,  exists  in  the  fact  that  the  former  tsiii 
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tive  tiMuc  into  the  moBcntcry  and  the  rGtroppriioncal  tissue  to  the 
clea.  Or  it  may  be  by  the  circulation.  The  former  two  arc  both 
routes,  but  the  latter  seems  less  likely, 
because,  if  it  were  the  case,  we  should  f>c- 
4:a5ionalIy  have  the  phenomena  of  cmbo- 
Itsm  presenting  thcmseh'es.  But  these  ar< 
nire  occurrences,  and,  when  they  occur,  arf 
attributable  to  other  causes. 

Having  reached  the  muBclcs,  the  trich 
inie  perforate  the  sarcolemina  and  imboil 
tliemselves  in  the  sarcous  substance,  wlicn- 
tbey  grow  for  about  fourteen  days  lorig'T, 
when  they  have  attained  their  ntaximuni 
sixe  as  muscle-triehiiie.  The  sarooleminu 
around  the  worm  enlarges,  beconics  tbiik- 
ened  and  lined  with  a  layer  of  muscle  nu- 
clei, while  above  and  below  the  capsule  thus 
formed  it  atrophies  and  disappears.  Thus 
the  worm  becomes  encapsuled,  and,  par- 
tially coiled,  ie  embedded  in  a  mass  of  tint* 
granuleu.  The  number  thus  encapsuled 
may  be  from  one  to  four.  Subsequently, 
lime  salts  are  deposited  in  the  capsule,  and 
the  worm  becomes  obscured  and  even  hid- 
den, although  the  capsule  itself  is  therebv- 
rendered  more  distinct  and  easily  visible  m 
the  naked  eye  as  small  white  dots  or  streak--, 
a  millimetre  in  length.  The  appoarance  ^f 
the  parasite  at  this  stage,  natural  size.  »iiil 
slightly  magnified,  is  well  shown  in  Fi;<:^- 
7  and  8.  The  appearance  under  a  pow*  r 
of  eighty  diameters  is  shown  in  Fig  9. 

The  muscle-trichina*  thus  encapstilatiil 
are  not  dead,  but  ready,  on  solution  of  th*- 
capsule  by  the  gastric  juice,  to  become  di- 
velopcd  into  sexually  mature  intestinal  tri- 
chinir  (retjuirinpabouttwoandahalfdays); 
they  then  copulate,  and  five  days  later  tin- 
females  give  birth  to  living  young,  wliicli 
are  again  ready  to  migrate  to  the  niuHcles. 
The  period  during  which  the  muscii^-tri- 
chtnu>  remain  susceptible  of  development, 
when  placed  under  favorable  conditions,  is 
almost  unlimited,  except  by  the  death  «  f 
the  individual  in  wham  they  reside,  whil' 
the  intestinal  trichina  rarely  lives  longft 
than  from  five  to  eight  weeks. 
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tSymptoms. — ^Tlie  aytnptomB  of  trichiniasts  are  by  no  means  reliahlj 
the  surtic,  and  Hltliou^)i  it  is  usual,  for  cunvenicnce  in  study,  to  divtdt; 
them  into  three  ju'riotlM — 1st,  that  of  tlielr  introduction  into  tlio  digestif**' 
tract;  2d,  that  of  the  migration  of  the  embryos  into  muscle;  and  3d,  that 
of  rest  and  capsulation — ^tt  is  seldom  possible  to  differentiate  theso  8ta^e« 
by  the  symptoms.  In  all,  except  very  light  cases,  there  is  fever,  Uw  < 
curve  in  the  temperature  of  wliich  quite  resembles  that  of  tv'phoid  fever, 
as  sliown  in  tho  ai-coiiipanying  diagram  from  Ziemssen^s  Cyclopedia  (scv 
previous  pago),  with  evening  inoremeut  and  morning  decline,  but  still 
gradual  ascent  until  the  acme  is  reached,  when  there  is  again  a  gradual 
decline.  The  pulse  ranges  from  SO  to  !(0,  and  thi-nce  to  JiXi  and  120. 
There  is  also  thirst.     (Jucasioiially  only,  a  chill  precedes. 

The  symptoms  refenible  Co  the  digestive  tract,  when  present,  are  aen- 
sations  of  uneasiness,  fulness,  nausea,  and  occasional  vomiting  at  variable 
periods,  from  a  few  hours  to  several  days  after  ingestion  of  the  infested 
meal.  The  appetite  is  capricious,  being  often  great.  There  is  more  or 
less  diarrhoea,  which  sometimes  lasts  for  weeks,  and  may  ho  followed  by 
constipation.  The  triehinie  are  very  seldom  found  in  the  stools.  Degluti- 
tion is  sometimes  painful  from  involvement  of  muscles  employed  in  the  act. 

A  verj'  striking  symptom  is  that  of  nmscular  aonmcas  or  lameneas. 
which  precedes  the  invasion  of  the  muscles.  Coincident  with  the  latter,  and 
not  earlier  than  the  ninth  day,  are  observed  also  various  degrees  of  hard- 
ness and  swelling,  accompanied  by  tenderness  on  pressure,  together  with 
muscular  pain,  which  is  often  extreme,  especially  on  motion.  It  is  most 
marked  during  the  fifth  and  sixth  weeks. 

As  to  syiiiptnins  connected  willi  the  nervous  system,  sleeplessness, 
apathy,  and  neuralgic  pains  are  characteristic;  also  hyperpcslhesia  of  the 
skin,  in  the  form  of  pruritus  or  formication;  sometimes  undue  dilatatiou 
of  the  pupil,  and  loss  of  hearing. 

CEdema  is  almost  always  present,  although  sometimes  so  trifling  as  to  be 
overlooked.  Most  e-onstant  and  earliest  is  cedema  of  the  eyelids  and  face, 
usually  appearing  about  the  seventh  day,  to  disappear  after  from  two  to 
five  days,  sometimes  to  return.  OEdema  of  the  legs  comes  on  later,  about 
the  ninth  day,  and  is  more  marked  and  more  permanent,  although  it  may 
also  disappear  to  reappear  in  a  more  marked  degree.  Changes  in  the 
composition  of  the  blood,  hoarseness,  bronchial  catarrh,  hypostatic  and 
catarrhal  pneumonias,  abortions  in  women,  profn.se  sweats,  eruptions,  and 
bed-sores  may  occur.  When  death  occurs,  it  is  frequently  due  to  impor* 
feet  respiration,  because  of  the  involvement  of  important  muacles  of 
respiration,  as  the  diaphragm  and  muscles  of  the  larynx.  Notwithstand- 
ing these  marked  symptoms,  a  diagnosis  is  often  difllcult,  and  can  otdy 
be  certainly  made  by  an  examination  of  Hesh  removed  by  tho  harpoon  or 
by  excision.  Despite  also  the  seriousness  of  the  malady,  many  casee  of 
recovery  occur  even  wlien.  the  symptoms  are  most  Wolent,  eapfH;ially  in 
childr<Mi. 

IWcUmtnt, — There  is  no  treatment  for  the  disease  when  actually  pres- 
ent, except  the  relief  of  the  symptoms  as  they  present  themselves. 
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The  only  effectual  troatment  is  tlie  preventive.  Although  thcro  is 
Bome  difference  of  opinion  as  to  the  metliod  in  whieh  the  Hcsh  of  the  hog 
becomes  infested  with  the  trichina,  it  is  well  determined  that  in  man  it 
arisefl  only  from  the  use  of  the  flesh  of  the  infected  hog.  Aa  the  worm  in 
ittsily  reeognized,  if  not  >>y  the  naked  «ye,  by  the  aid  of  moderate  magni< 
lying  powers,  the  most  effectual  mode  of  preventing  the  di.scase  is  by  an 
official  examination  of  all  pork  sold  for  food.  In  no  otiior  way  can  it  l)e 
effectually  excluded  from  market.  A  second  measure  of  importance  is 
the  avoidance  of  the  use  of  raw  and  partially  cooked  pork,  und  the  appli- 
cation of  high  temperature  in  the  cooking  of  pork.  Trichtiin;  arc  eflectu- 
ally  destroyed  by  a  temperature  of  IW  to  155°  F,  (61"  to  m"  C).  P«rk, 
therefore,  should  be  thoroughly  cooked  before  being  eaten.  These  pre- 
cautions being  carried  out,  there  is  little  or  no  danger  of  trichiniasifl. 


Tleriitie — Tape-  Worms. 

Tape*worm  in  man  is  acquired  by  the  ingestion  of  the  flesh  of  animals 
infested  with  the  embryos  of  the  worm.  This  endjryo  is  known  as  cya- 
tietrciM  ciilulom:  Of  the  worm,  there  infest  man,  among  others,  two 
principal  varieties — the  tivnia  solium,  or  "armed  tai)e-worin,"  and  ta'niu 
bttginata  (mediocanellata  of  Rtlchcnmeister),  or  "unarmed  tape-worm,'' 
In  the  former,  the  head  is  provided  with  four  suckers,  and  a  central  cir- 
clet of  small  hooks  arranged  in  a  double  row;  on  the  latter  this  coronet 
nf  booklets  is  wanting.  Tlie  cysticer(;u»  of  ta'Tiia  solium  is  found  in  the 
intermoscuiar  connective  tissue  and  other  parts  of  the  pig,  in  which  ani- 
mal it  finds  its  place  by  the  introduction  with  its  food  of  links  of  tape- 
wonn,  which  are  orowde*^  with  eggs.  This  is  easy  of  occurrence,  on 
account  of  the  well-known  tendency  of  hogs  to  feed  upon  the  fii'cal 
evacuations  of  man  wherever  they  niaj'  be  found.  It  has  also  heen 
found  in  tho  flesh  of  the  dog,  deer,  and  polar  bear.  The  cyaticercus  of 
tjrnia  saginata  has  been  found  only  in  the  mnseles  and  other  tissues  of 
the  cow  and  giraffe,  although  it  has  been  produced  artiticially  in  other 
ruminants,  as  the  calf,  goat,  ^nd  sheep,  by  feetting  with  mature  seg- 
ments of  the  unarmed  worm.  But,  although  the  worm  is  very  common 
in  man,  in  some  countries,  as  Africa  and  Southern  and  Northern  Ger- 
many, its  cyslicercus  is  very  seldom  found. 

Tliese  eysticerci,  or  embryos,  are  developed  in  the  stomachs  of  tho  ani- 
mals in  which  they  are  found,  from  the  mature  eggs  contained  in  the  seg- 
incnis  upon  which  they  feed.  Tho  mature  egg  already  contains  an 
embryo — a  delicate  mass  of  pr<)toplasm  with  three  pairs  of  hooks.  When 
these  reach  the  stomach  of  the  animal,  the  envelope  is  dissolvi^d  by  the 
gastric  juice,  and  the  embryo  set  free.  Thence  it  migrates,  like  the 
trichina,  to  the  muscl«s,  and  soon  becomes  developed  into  the  oystioerciis. 
This  is  a  ihin-walled  cyst,  about  as  large  as  a  pea,  surrounded  also  by  a 
capsule  of  connective  tissue.  Within  the  cyst,  surrounded  by  a  clear 
fluid,  is  a  firm,  white,  roundish  body,  connected  with  a  depression,  easily 
visible  on  its  external  surface.     In  this  body  is  found  also  a  cyst,  within 
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which  is  tho  hnad  of  tho  cysttcercus,  inverted  Hko  the  finger  of  a  gflove. 
This  head  is  iilenttciil  with  that  of  the  t*pe-wonn,  into  which  it  ro»y  He 
later  dcveltiped,  wliathcr  ticniH  solium  or  safpruta. 

Fig.  11  shows  the  appcHrance  of  pork  eontaining  tho  cysticercua  of 
tu'iiia  solium,  and  Fij^s.  12  and  l'^  the  cyst icercus  itself — tho  former  of  natu- 
ral size,  the  liitier  slig-htly  magnifiod.     The  cysticercus  of  ticnia  saginata  is 

not  essentially   different   from  that  of  taenia 
aoltum.     it  is  somewhat  smaller,  and  contains 
of  course  the  head  of  the  sa^nata.     It  is  also  1 
much  shorter  lived  than  the  tit-nia  solium. 

If  now  a  portion  of  flesh  containing  cither 
of  thew!  oyatioorci  is  taken  into  the  atomaeh 
uf  man,  the  embryo  is  speedily  released  from 
its  cyst  by  solution  of  its  envelope;  it  fastens 
itself  by  means  of  its  suckers  upon  the  intcs- 


Fiu.  II. 

Pork  conbuning  the  cj-aticerotui 
of  T.  Solium- 
(AftcrUoltot.) 
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CyatioerDui  ceUaLowc 

(iifttural  Jtise). 
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tinal  wall,  and  is  speedily  developed  into  the  tape-worm,  by  the  addition 
of  the  segments  of  wliioh  its  chief  bulk  is  made  up. 

The  taenia  solium  is  found  only  in  the  intestine  of  man,  and  is  common 
in  Europe  and  America,  and  especially  the  middle  of  Germany.  Tho  tjenia 
saginnta  is  also  common  in  the  intestine  of  man,  and  is  prevalent  in  Asia, 
Africa,  and  Northern  and  Southern  Germany.  In  Abyssinia  almost  every 
individual,  beyond  the  nursing  period,  regardless  of  sex  and  age,  is  the  sub* 
jent  of  one. 

Tiic  curathfe  tmatmetU  of  tapo*worm  is  fully  discussed  in  the  works 
on  the  practice  of  medicine.  We  have  here  more  particularly  to  do  with 
its  prrcenlion. 

The  5r8t  essential  condition  of  suooessful  preventive  treatment  is  offi- 
cial inspection,  one  and  the  same  inspection  serving  for  trichiniasia  as  well 
as  for  "measles,"  or  cysticcroi.  Thus  will  the  infected  meat  be  excluded 
from  sale.  Secondly,  no  pork  at  least  should  be  oaten  without  being 
thoroughly  cooked.  But  there  are  other  methods  than  by  the  ordinary 
use  of  food  that  tape- worm  is  acquired,  which  should  be  guarded  against. 
OarelessncRR  and  uncleunliness  on  the  part  of  those  who  have  to  do  with 
the  preparation  and  handling  of  raw  meat  often  results  in  their  infection 
ill  an  accidental  manner.  Thus  it  is  well  known  that  it  is  a  very  common 
thing  for  persons  employed  in  pork-packing  establishments  to  have  tape- 
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worm.  This  may  reault  from  the  accidental  introduction  of  embryos  into 
the  mouth,  as  well  as  by  the  eating  of  pieces  of  raw  pork,  to  which  those 
thiia  employed  are  prone.  For  the  same  reason  cooks  are  often  subjects 
of  tape-worm. 

In  the  United  States  at  least  the  flesh  of  ruminants  used  as  food  Is  so 
seldom  the  seat  of  its  peculiar  cysticcrcus,  thesaginata,  that  it  is  very  rare 
for  the  worm  to  be  acquired,  although  it  is  a  common  practice  to  oat  meat 
rarely  done,  and  it  is  considered  that  in  this  state  it  is  more  easily  digested. 
It  is  not  unlikely  that  the  use  of  fmely-grated  raw  beef,  a  therapeutic 
measure  now  often  resorted  to,  may  occasionally  result  in  the  production 
of  tape-worm,  and  its  preparation  should  not  bo  without  close  inspection 
for  the  embryos,  which  are  even  more  easily  detected  than  those  of 
triohinse;  and  if  all  meat  containing  vesicles,  white  spots,  or  streaks,  which 
are  at  all  of  uncertain  nature,  arc  rejected,  there  is  tittle  risk  of  acquiring 
tape-woniL 

XoTK.— The  cuts  oa  pages  160  and  161,  are  camera-lacida  drawiag«,  niiide  from 
Actual  K[>«<;imeDK  of  the  difFerent  Sours  as  found  In  commerce,  ezoopting  that  of  the 
potato,  which  was  drawn  from  a  ecniping  of  the  tuber.  The  Bp#oim«im  were  prepared 
by  dnotintr  on  the  glam  slide  a  minate  quaalitj  of  the  Qour  tuid  then  moisteaiAg;  it 
with  a  drop  of  water. 
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INTRODUCTION. 

The  importance  of  an  abundant  and  pood  supply  of  water  for  domes- 
tic purposes  is,  at  llir  present  time,  a  subject  which  needs  no  discusalon. 
For  dKnkiiig-  and  culinary  purposes,  for  washing,  for  the  rapid  removal 
of  the  excreta,  water  of  greater  or  less  purity  is  required;  but  for  all  these 
pur|>ose«  an  abundant  supply  is  needed,  as  well  cis  in  many  cases  for 
manufacturing  industries,  for  the  extinguishing  of  fire,  for  the  sprink- 
ling of  streets,  and,  in  rural  communities,  fur  the  irrigation  of  grass  and 
garden  plats. 

In  spite  of  the  magnitude  of  the  water-works  of  the  Romans,  Greeks, 
and  other  ancient  peoples,  the  aqueducts,  the  storage  reservoirs,  the  pub- 
lic baths,  and  in  spite  of  the  lavishness  of  the  supply  for  public  uses  and 
in  the  houses  of  the  rich,  it  is  probable  that  there  has  never  been  such 
general  and  widespread  interest  as  there  is  to-day  in  the  matter  of  water- 
supply  n«  a  aanifrtn/  nej^f»9ity,  not  only  to  the  community  as  a  whole, 
but  also  to  the  individuals,  no  matter  how  poor,  who  make  up  th<_'  com- 
munity. 

In  choosing  the  source  from  which  the  water-supply  is  to  be  taken, 
three  prominent  points  demand  consideration.  In  the  first  place,  can 
the  source  in  question  furnish  enough  water;  secondly,  is  the  water  of 
sufficiently  good  quality;  thirdly,  how  does  the  cost  of  the  construction 
and  maintenance  of  the  neceasarv  works  compare  with  the  expense  of 
obtaining  water  from  other  sources.  ^ 

Quantity, 

The  qu<*stion  of  a%'aiIabIo  quantity  is  all-important.  There  are  many 
instances  on  record  where  a  supply  of  water  has  scarcely  been  introduced 
Nifore  it  has  proved  insuHicient  in  quantity.  Such  failures  arise  either 
from  an  over-estimate  of  the  amount  which  the  chosen  source  can  furnish, 
or  from  an  under-ostimatc  of  t!je  needs  of  the  city  or  town  supplied. 
What  shall  be  considered  an  abundant  supply  of  water  ?  This  is  a  ques- 
tion which  does  not  admit  of  answer  from  simple  theoretical  considera- 
tions. We  may  determine  with  tolerable  accuracy  the  amount  necessary, 
on  the  average,  for  each  family  for  household  purposes,  or  the  amount 
required  in  certain  manufacturing  establishments  for  a  given  amount  of 
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^^^H        finished  product ;  but  for  many  purposes  it  is  very  difiScnlt  to  estimate,  and          1 
^              the  item  of  waste  enters  largely  into  the  account.      The  following  table,           ■ 
^H               taken  from  the  Third  Annual  Report  of  the  Uoston  Water  Board,  jpves           1 
^H               the  average  daily  supply  of  a  number  of  American  cities  in  the  year  1877.           1 

^^^^^^                       CITT. 

FopnlatioD. 

Total  arenga  dai^ 

BOpplX. 

Avez^K  daily  wapfij           M 
pvbead.                     ■ 

In  n.  S.  galloDB. 

In  U.  S. 
galloiut. 

la  litTM.     ^H 

440,000 

1 10,200 

135,000 

75,000 

390,000 

130,000 

485,000 

817,500 

280,000 

400,000 

136,000 

48,000 

130,000 

82,000 

32,000 

50,000 

45,000 

52,183,900 

11,543,120 

11,691,200 

5.776.750 

29,059,800 

8,979,500 

30,342,900 

48,984,000 

15,945,210 

22,349,443 

7,72G,!)20 

2,031.730 

6,944,200 

2,872,990 

1,101,600 

1,631,360 

1,173,600 

2,500,800 

119 
105 
87 
77 
74 
C9 
G3 
58 
57 
56 
5G 
55 
53 
35 
34 
33 
26 
25 

449                M 

329         ^H 
291         ^H 
280         ^H 
2G1         ^H 
238         ^H 
219         ^H 
215         ^H 
212         ^H 

208         ^H 
200         ^H 
132         ^H 
129         ^H 
125         ^H 

n   m 

^H 

^^V               Milwaukee 

H              ir-ii  1?;.,-.. 

100,000 

^H                     The  following  table  is  selected  from  Humber''s  Treatise  on  Watcr- 
^H               Supplv,  but  the  amounts  there  given  in  English  gallons  are  c&loulated 
^H               into  U.  S.  gallons  and  litres  (in  round  numbors}. 

^m                                                     Towys  puwnsHKD  witb 

^^1                                                           A9  DtTKMXTTTKItT  mttLV. 

A  coKRAVT  nrpn.1.                             ^^^| 

^^H                               TOwy  on  cm. 

ply  per  tiMd,  In 

Tomi  OS  cm. 

1  |)|]r|MrbMd,tn               ■ 

T7.  S. 
gaUotu. 

Jjixm. 

tj.  a 

■BnUCWL 

63 
48 
H5 
S4 
27 
S5 
23 
17 

Uam. 

06 
55 
51 
48 
29 
Z5 
23 
81 

210 

iGlMjrow. . . . 

S40 

OS 

1S3 

187 

104 

95 

84 

65 

3or 

104 

IHl 

109 

IKi 

8ft 

7» 

Bdinbnrgh 

( 
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The  foUowinjj  table  gives  details  with  reference  to  the  use  of  water  id 
LOertoin  continental  cities,  and  is  selected  from  ii  Irtrjjo  mass  uf  infornialtoii 
'compilod  by   E.  Grahn,  civil  orirrineer,  at    tlie  instigutioti  of  the  German 
society  of  "Gas-  und  AVassorfaehnianneni.** ' 


crriEB. 


Karlsruhe 

Honn 

Hamburg 

Dresden 

Frankfurt  a.  M 
jCvIn 

Aitetiburg 

ItniuiiArhweig. . 

Ham  berg'. 

Kasflcl 

Hannover. 

Altona 

^Leipzig. 

Vst^erleben. . .  . 


Daily  avfira^   mpplj  p«r 
Total  Hiiily  amount  in  *"*»^  *" 


Litreo. 

U.  8.  gallona 

13.000 

681 

154 

io,(ioa 

280 

76 

80,000 

237 

03 

45,000 

228 

60 

33,050 

233 

59 

27,000 

200 

53 

3,c:J3 

163 

43 

'              10,()tM) 

ln4 

41 

^              4,000 

148 

39 

1              0,--i00 

124 

33 

15,000 

110 

31 

1,200 

115 

31 

1 1,000 

8G 

23 

noo 

5. 

14 

For  domestic  and  household  usca,  from  15  to  20  gallons  per  person  per 
day  Is  a  sufficient  allowance,  but  of  course  a  mucli  lurger  amount  is  used 
for  manufacturing  and  mechanical  pur|)OBes.  Making  allowance  for  this, 
for  the  fountains  which  are  the  usual  accompaniments  of  water-works,  for 
strect-sprinklinf^f  cxtinn^uiuhing  Hros,  etc.,  wo  may  regard  an  average  of 
60  gallona  per  day  for  each  inhabitant  as  a  votv  liberal  provision.  In  the 
oaae  of  the  smaller  towns  where  no  e;(tunsivu  nianufHclun''S  arc  carried  on, 
a  much  smaller  amount  than  this  may  suffice.  It  is  to  be  borne  in  mind, 
however,  that  the  chosen  source  must  be  able,  on  occasion,  to  furnish  an 
amount  very  greatly  in  excess  of  the  ai'erage  consumption.  Thus,  in 
Boston,  in  1872,  at  the  time  of  the  "great  fire"  which  burned  over  an 
an^a  of  about  sixty  acres  of  the  business  portion  of  the  city,  while  the 
daily  consumption  was  averagittg  12,500,000  gallons,  there  were  used  by 
the  fire  department  some  18,500,000  gallons  in  thirty-five  hours,  atid  tli« 
greater  portion,  in  fact,  during  the  firet  eighteen  hours.'  To  provide  for 
such  emergencies  as  this,  either  the  source  must  be  abundant,  or  reservoirs 
must  be  provided  for  the  storage  of  a  quantity  of  water  sufficient  to  meet 
such  occasionally  occurring  abnormal  demands. 

Wcutf.. — In  all  cities  and  towns  supplied  by  public  water-work*.  ther« 
is  a  very  Urge  amount  of  water  actually  wasted.     The  Chicago  Board  of 

•  See  Joaraa)  fftr  Gubelenotatang  nnd  Waaaerruwriping,  VoL  XX..  1877. 
'  Baput  of  th«  Coohitaftt«  Water  Board  to  the  Oi^  OouncU  of  BoKtou.  Cor  the  year 
tadbag  Apca  aO,  1373.     City  Dooument,  Ko.  1 M,  p.  43. 


214      ON    PRINKJ.VG-WATEU    AND    PUBLIC    WATEIl-.STn*PUE3. 


Public  Works,  iti  their  report  of  March  31,  1875,  estimate  that  "oue-hatf 
of  the  water  now  pumped  is  wasted,"  and  in  the  St.  Louih  Report  for  187G 
a  caJculatiun  is  made  by  the  engineer,  Col.  Henry  Flsd,  by  which  it  ai>- 
pears  that  the  prospective  cost  to  the  city  for  a  period  of  ten  yesrs^  on 
account  of  waste,  is  over  four  million  dollars. 

Tliere  arc  two  general  methods  suggested  for  lessening  the  waste 
which  occurs.  One  is  to  intrtKhu^e  a  rigid  system  of  inspection  to  detect 
all  leakage  from  the  pipes  and  from  imperfect  fixtures,  and  to  prevent  all 
unlawful  use  of  the  water.  Such  a  system  has  been  found  to  work  ad- 
mirably in  some  places,  a  notable  example  being  in  IJverpool,  England, 
where,  by  meters  invented  for  the  purpose,  it  was  possible  to  determine 
the  amount  of  water  flowing  in  small  sections  of  the  pipes,  and  thus  to 
locate  any  considerable  leak  or  to  ascertain  where  an  abnormal  amount  of 
water  was  being  used  or  wasted.'  The  second  method  is  to  supply  all  tiie 
water  through  meters,  as  is  now  done  witli  that  portion  which  is  used  by 
manufactories  and  other  large  establishments.  The  principal  objection 
urged  against  the  adoption  of  this  method  in  the  case  of  private  families, 
IS  the  fear  that,  by  the  use  of  meters,  an  cK^onomy  of  water  would  be  ef- 
fectod  among  the  very  class  of  people  where,  for  the  genera!  good  of  the 
(ommuiiity,  it  is  important  that  water  sliould  be  used  freely.  There  is 
considerable  weight  to  this  objection  and,  if  meters  are  to  be  introduced 
into  the  cities,  either  a  certain  amount  of  water  must  be  aUowed  free, 
and  the  excess  charged  for  at  an  ostaliltshed  rate,  or  else  some  other 
Hrrangemeiit  must  be  made  for  tlie  benefit  of  the  pooixr  class,  espeiually 
for  persons  and  families  living  in  t imi e me nt- houses.  It  is  further  to  be 
said  that  the  cheaper  meters  are  not  very  reliable,  and  it  is  often  possible  to 
pass  a  considerable  amount  of  water  without  its  being  registered,  pro Wded 
the  water  pass  slowly.  The  question  is,  after  all,  one  which  must  be  set* 
tied  by  Iix^al  considerations.  In  many  plactm,  where  there  is  an  abundance 
of  water  at  command  and  where  the  rates  are  low,  the  expense  and  the 
uttendunt  inconvenience  would  make  it  advisable  not  to  introduce  meters. 
In  other  localities,  where  the  available  water  is  limited  in  quantity,  or  where. 
withdut  economy,  th<^  (existing  supply  is  likely  to  prove  insufficient  in  the 
immediate  future,  or  in  places  wliere  the  rales  arc  of  necessity  high,  the 
introduction  of  meters  would  be  advisable.  l*be  waste  in  northern  cities 
during  the  winter  is  enormous,  as  it  Is  very  common  to  leave  the  fauceLi 
open  during  the  night,  in  or<ler  to  prevent  freezing.  To  remedy  this  waste 
it  would  not  be  impossible  to  insist  that  the  service-pipes  should  be  laid 
below  the  line  of  frost,  and  that  in  the  liousesit  sliould  be  possible  to  shut 
off  the  water  and  drain  the  pipes  whenever  there  is  danger  of  freoctng. 
Vigilant  inspection  would  probably  aooomplish  as  much  as  the  introduc< 
tion  of  meters  to  check  such  waste. 

Double  supply. — In  view  of  the  difficulty  which  sometimes  existSf  of 
obtaining  from   a  single  source  a  sufficiently  abunilant   supply  of  good 

'  See  the  very  vsluable  report  of  U.  F.  Deacon.  Borough  Eugioaor.  raprint«d  in  tha 
Hcpurt  of  tliQ  Coahiluale  Water  Board  of  the  City  of  Bostoo.  (or  tbe  jesr  ending 
April  30,  1B;4.     City  Dooumoot,  No.  SS.  pi«e«  84-112. 
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vrater  lo  meet  the  wants  of  a  large  community,  it  has  often  been  pro- 
(>osed  to  adopt  a  systein  of  double  supply,  i.  «*,,  to  furnish  water  of  two 
(qualities.  It  is  true  that  for  many  purposes,  an  for  extinguishing  fires 
uikI  for  gprinkting  streets,  a  water  would  answer  wlilch  would  not  be 
suitable  for  drinking,  and  such  a  supply  might  in  many  easeu  be  easily 
procured,  while  to  procure  an  abundance  of  water  well  suited  for  driak- 
iitpr  would  involve  a  lai^e  outlay.  To  the  double  systeni  there  is  nn  ob- 
jection, if  the  poorer  water  can  be  drawn  oeily  from  street-hydniiita, 
which  are  under  municipal  control ;  but  it  is  not  practicable  to  supply 
two  sorts  of  water  to  private  dwellings,  with  any  security  that  the  distinc- 
tion lictween  them  will  be  regarded  ;  no  dotnesllc,  and  indeed  no  average 
inhabitant,  will  fail  to  use  for  all  purposes  that  water  which  is  most 
handily  obtained,  unless,  indeed,  it  be  actually  repulsive  to  the  taste. 
In  the  case  of  large  cities,  it  is  seldom  that  a  single  source  of  sufficient 
Mie  can  be  found,  and  it  becomes  a  question  to  be  settled  by  local  con- 
siderations whether  each  portion  of  the  supply  shall  be  distributed  to  a 
different  section  of  the  city,  or  whether  the  water  from  all  sources  shall 
be  united  in  a  common  reservoir  or  reservoirs,  and  distributed  therefrom. 
The  city  of  London  is  supplied  by  eight  companies,  of  which  five  take 
wat*r  from  different  points  on  the  Thames.  Here  each  company  supplies 
a  certain  district.  In  cities  where  the  entire  works  are  under  control  of 
the  same  authority,  it  ia  not  uncommon  to  unite  the  waters  coming  from 
the  different  sources,  unless  they  are  of  decidedly  different  character. 

fntermittent  su/r/t/'/. — In  many  places  in  the  Old  World,  especially  in 
Kngland,  the  supply  of  water  is  intermittent,  i.  e.,  is  let  into  the  dis- 
tributing pipes  for  a  certain  number  of  hours  only  during  the  day.  I'his 
method  is  open  to  so  many  and  such  obvious  objections  that  it  has  never 
been  introduced  to  any  extent  in  this  country,  and  has  fallen  into  disfavor 
abroad. 


Quality. 


We  shall  now  tonsider,  in  a  general  way,  the  qualifications  which 
must  be  possessed  by  a  water  in  onler  to  be  consiclered  sufficiently  good 
for  domestic  use.  Many  of  the  questions  which  will  naturally  arise  in 
this  connection  will  he  discussed  moi-e  appropriately  hereafter,  when  we 
crime  to  consider  the  various  sources  to  which  we  must  look  for  our  wjiter- 
pripply. 

In  the  first  place,  absolute  chemical  purity,  in  the  sense  of  freedom 
from  all  foreign  substances,  is  neither  pofisible  nor  desirable.  The  sur- 
faMhWaters  of  uninhabited  gmnltio  and  gneissiu  regions  are  often  very 
free  from  foreign  matters;  but  even  they,  In  their  passage  through  the 
air  and  over  the  ground,  dissolve  gaseous  and  solid  substances.  Most  of 
the  mineral  substances  which  make  up  the  eartl)''s  crust  are  nltbcr  more 
or  less  soluble  in  water,  or  are  decomposed  by  water  wiih  th*?  produc- 
liunof  soluble  substances.  The  more  common  mint-nil  substances  thus  oc- 
curring in  natural  water  are  the  chlorides,  sulphates  and  carbonKt*»s  of 
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sodium,  potassium,  ma^oaiuiiif  and  calcium,  tojarethermth  silica,  alumina, 
and  iron,  in  some  form  of  combination.'  Or^nic  manor  of  animal  or 
Ttf-getable  origin  also  occurs  in  most  waters ;  it  is  various  in  character, 
aufl  of  very  diverse  sanitary  importance. 

Within  reasonable  limits,  the  presence  of  a  greater  or  leas  amount  of 
dissolved  mineral  matter  is  of  little  account  so  far  as  the  wholcsomene&H 
of  the  water  is  concerned.  It  is  well  known  that  freshly  distilled  water 
is  quite  unpalatable;  this  is  due  in  part  to  the  absence  of  dissolved  gase« 
which  occur  in  almost  all  natural  waters,  and  in  part  to  the  absence  of 
mineral  salta.*  Most  persons,  guided  by  taste  alone,  would  prefer  a 
water  containing  a  moderate  amount  of  matter  in  Holutinn,  and  a  water 
may  be  somewhat  highly  charged  with  mineral  salts  without  being  un- 
oited  for  drinking.  For  certain  special  manufacturing  operations  water 
I  peculiar  character  is  required,  or,  at  least,  water  which  is  free  from  par- 
'ficular  substances,  whilo  nthor  substances,  althnugh  present  in  considera- 
ble quantity,  are  of  indifference.  The  salts  which  give  the  most  trouble 
are  the  compounds  of  lime  and  magnesia,  especially  the  carbonates  and 
sulphates.' 

These  compounds  give  rise  to  the  incrastationa  which  form  in  steam-boil- 
ers (see  farther,  i>age  286),  and  their  presence  causes  the  water  to  be  '*  hard." 
The  practical  disadvantages  of  a  hard  water  for  boiler  use  and  for  washing 
are  very  great;  but  a  water  which  is  tolerably  hard  may  be  used  to  drink 
without  inconvenience.  In  faet,  many  maintain  that  a  hard  water  is  more 
wholesome  than  a  soft  water.  Some  yeamago  Ur.  Letheby  tabulated  sta- 
tistics from  some  sixty-five  English  towns,  with  reference  to  a  possible  con- 
net'l  ion  between  the  hardness  of  the  water  used  and  t!ie  death-rate.  In  this 
table  the  towns  using  the  hardest  water  bad  the  lowest  death-rate.  From 
this  statement  improper  inferences  have  been  drawn.  Such  a  comparison 
cannot  be  otherwise  than  fallacious,  for  the  death-rate  dejwnds  upon  so 
many  factors  that  it  is  impossible  to  say  hew  far  it  is  affected  by  the 
watei^supply,  if,  indeed,  it  is  affected  at  all.    Moreover,  some  of  tlie  towns 

'  Where  the  amount  of  diasolTcd  substonoe*  Is  ooiulderable,  tha  water  Ii  g«Dcr- 
ally  called  a  "  mincrnl  water/*  Tfaese  waters,  which,  u  a  rulo,  come  from  a  ooaoider- 
able  depth  in  the  curth's  crust,  often  contain,  la  oonsiderablo  qnantiUrs,  RtihBtances 
which  occur  either  cot  at  oil  or  oidy  in  minut«  qoantitios  in  ordiiuiry  wuterti,  anch  u 
would  he  confiidercd  araihible  for  wal«r-«upply. 

'  On  shiiiboanl  the  water  is  oJiratcd  and  sometimes  filtered  thxoasb  animal  cbarooitl 
or  other  aubstances  before  being  usnd  to  drinlc ;  it  has  been  pro|K>sed  to  render  it  mora 
palatable  and  more  wholesome  hj  the  addition  of  a  oextnta  amomit  of  minvnd  ealta, 
A  mixture  which  has  been  susffested  for  this  purpoee  oodbUU,  for  1,000  litres  of 
water,  of  4.8  gnnK.  salt,  S.4  (prmB.  sniphata  of  soda,  48  grma.  bicarbonate  of  lime 
[?  w.  n.  N.l,  H  gtma.  carbonate  of  soda,  and  G  grms.  carbonate  of  mugnena.  It  ii 
stated  that  the  Itasshin  navy  has  adopted  this  idea,  and  ftirnixhi'd  io  its  yeBaeU  a 
mixinrfl  of  this  character.  Fansaa^frites  r  Hygiene  et  OMtainiMHcmcnt  dtM  tUUm.  Pari*^ 
187-1,  p.  316. 

*  It  is  the  more  modem  prooUoe  to  speak  of  carbonatn  of  cateian  and  sulphate  of 
etitaitim  instead  of  carlionato  of  time  and  sulphate  of  Umf.  llie  modem  praofcioa  ia  the 
hotter  from  n  ohcmiual  point  of  riew,  bat  the  older  terms  ore  iLill  the  men  common 
in  the  world  at  laise. 
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inslaiiced  os  using  soft  wrator  were  towns  where  othor  santtar}'  conditions 
were  notoriously  bad,  and  some  of  those  using'  hard  water  were  wvll 
sewered  and  otherwise  in  a  ^(;oil  siinitary  condiiitui.  It  »liould  hv  said 
that  Dr.  Letheby  himself,  whilw  slroiijfly  favoHng-  inodonitoly  hard  water, 
did  not  claim  to  show  more  by  thesL>  (inures  than  that  "there  is  no  evi- 
dence that  soft  water  so  benefits  the  health  of  the  [)eople  ns  to  reduce  the 
<leath-rate,"  He  also  admits  frankly  that  the  water  may  have  nothing'  to 
do  w^itli  it.  The  question  is  an  often  one,  but  it  can  hardly  be  a  matter  of 
indiffer*;nec  whether  the  hardness  of  the  water  is  caused  l)y  carboiuite  of 
time  or  by  sulphate  of  lime.  Indeed,  water  containiiij^  a  eonsiderable 
amount  of  sulphate  of  lime  is  generally  held  to  be  injurious,  while  car- 
bonate of  lime  is  tolerated  in  mueh  larger  quantities;  moreover,  the  com- 
pound.1  of  magnesia  are  not  to  be  regarded  as  havinj^  precisely  the  same 
effect  OS  the  compounds  of  lime,  and  the  drinking  of  hard  water  contain- 
ing n  large  amount  of  magnesium  compounds  is  one  of  a  number  of  things 
which  have  been  assignetl  by  different  observers  as  causes  of  the  "gottre" 
which  prevails  in  various  localities.  It  is  to  he  borne  in  mind  that  the 
tmman  system  has  great  power  of  accommodation.  Thus,  it  sometimes 
happens  that  no  ill  effect  is  noticed  from  the  habitual  use  of  a  hard  water 
by  natives,  while  strangers  who  come  from  a  soft  water  district  are  quite 
sure  to  be  affected.  On  the  other  hand,  a  per8<:>n  who  has  always  used 
hard  water  may  bo  seriously  affected  by  undertaking  to  drink  a'suft  sur- 
face-water. Id  this  latter  ease  it  is  to  be  said  that,  in  addition  to  being 
soft,  such  waters  almost  always  contain  more  or  less  vegetable  matter^ 
which  may  be,  and  probably  is,  the  cause  of  the  trouble. 

Further,  although  there  may  be  an  open  question  as  to  the  effort  of  drink- 
ing hard  water,  there  is  no  question  but  that,  on  other  sanitary  grounds, 
soft  water  ts  much  to  be  preferre«l,  and  especially  with  reference  to  clean- 
liness of  person  and  of  surroumlings.  Hard  water  is  not  only  less  agree- 
able in  washing,  but  is  less  effectual  as  a  cleansing  agent.  A  portion  of 
the  soap  used  is  destroyed  for  all  practical  purposes,  and  forms  in  the 
water  an  insoluble  curd,  useless  as  a  detergent  and  unsightly  to  (he  eyes 
of  those  who  arc  accustomed  to  soft  water.  For  cookbig,  inird  water  is, 
as  a  rule,  much  less  suited  than  soft,  and  if,  in  addition  to  these  considera- 
tions, we  take  into  account  the  fact  that  for  most  manufacturing  opera- 
tioua  soft  water  is  desirable,  it  is  evident  that,  for  the  geueral  purpose  of 
town-supply,  soft  water  is  to  be  preferred. 

Besides  mineral  substances  which  we  hare  discussed,  all  natural  waters 
oontain  more  or  less  organic  matter  in  solution.  This  is  due  mainly  to 
the  action  of  the  water  on  the  decaying  animal  or  vegetable  substancea 
contained  in  the  ground  over  or  through  which  the  water  drains,  or  to 
organinms  which  live  and  die  In  the  water  itself.  A  water  entirely  frco 
from  organic  matter  is  very  rare,  although  some  classes  of  waters  are 
much  more  liable  than  others  to  be  charged  with  it.  Surface-water,  such 
as  that  of  rivers  and  pond.s  is  apt  to  contain  a  good  deal  of  disiiolveiJ  or- 
ganic matter,  while  springs  and  deep  wells,  or  oven  properly  protected 
shallow  wells,  often  furnish  water  quite  free  from  organic  substances.    The 
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influence  o{  such  substancea  depends  very  much  upon  tlieir  source  and 
nature.  Thus,  a  water  may  be  hi|fhly  colored  from  the  presence  of  peaty 
matter,  or  nmy  taste  ijuito  decidedly  of  the  sniaUcr  algie,  without  bein^  us 
far  RH  Wf  know  unwholesome.  It  la  well  known  that  the  water  of  the 
"  nisnml  8wamp,"  although  strongly  colored  by  duaolved  vegetable  niat- 
ier,  \&  held  in  high  repute  as  u  drinking-water,  and  is  in  especial  favor  for 
provisioning  ships.  It  is  true  also  that  the  waters  of  Kome  nortjiern 
»trcams,  which  contain  a  good  deal  uf  vegeigbU^  nialUsr,  are  in  repute  for 
the  same  purpose.  On  the  other  hand,  water  draining  from  marsbRS,  es- 
pecially in  liot  rliniateH,  is  known  to  be  the  cause  of  intestinal  disorders; 
it  is  also  suspected  of  causing  malarial  and  other  fevers,  althungh  some 
consider  the  air  to  be  the  sole  agent  in  the  latter  cases.  With  reference 
to  the  effect  of  the  lower  orders  of  vegetable  growth,  especially  of  the 
minute  fresh-water  alga',  something  will  be  said  when  we  consider  lakes 
as  a  Boun-xi  of  supply,  since  lakes  and  ponds,  natural  and  artificial,  are 
particularly  subject  to  such  growths. 

As  a  gtMieral  rule,  it  is  not  difficult  to  decide  whether  a  natural  uncoD- 
tttminntcd  water  is  or  is  not  suitable  for  general  use.  \N'ith  reference  to 
most  of  the  substances  which  occur  naturally  in  potable  water,  it  is  bartlly 
fair  to  designate  them  as  "  impurities/*  because  these  substances  are  com- 
mon to  all  natural  waters  and  there  is  more  or  leKs  of  siignia  conveyed  in 
the  term  **  impurity."  Fairly  to  be  designated  as  impurities,  however,  an* 
mineral  substances  of  known  poisonous  character  and  the  organic  matter 
of  animal  or  vegetable  origin  whi<-h  come  as  refuse  front  manufacturing 
or  from  household  operations.  A  water  which  is  chosen  as  a  supply  fur 
towns  or  for  individual  families  must  be  known  t4>  be  free  from  alt  poison- 
ous or  deleterious  mineral  substances.  This  point  is  one  that  is  reailily 
settled  by  chontical  analysis;  but,  as  a  rule,  it  can  be  done  equally  well  bv 
an  inspection  of  the  locality  from  which  the  water  is  to  be  taken,  and  its 
surroundings.  The  supply  ofaosea  must  also  be  capable  of  being  pro- 
tected from  all  such  injury  in  the  future. 

PolhUion  of  drinking- ir.fttf_r, — "NVe  eomo  now  to  the  consideration  of 
the  pollution  of  water  by  organic  matters,  and  here  we  approach  u  subje<-l 
which  has  occasioned  nuich  discussion,  and  with  regard  to  which  diaine- 
trically  opposite  views  are  held. 

It  is  a  universal  belief  that  there  is  some  eonneetton  between  6ltii  sod 
rertain  fnnns  of  di5M;ase.  Hy  filth  we  understand  di'caying  organic  mai- 
ler of  animal  or  vegetable  origin,  and  the  chief  point  of  difference  in  h«*- 
lief  is  as  to  whether  (lu*  tilth  can  uriginate  specific  disorders,  or  wfaethrT  it 
Ktmply  forms  a  nidus  for  the  growth  and  de%*elopmenl  of  a  something  by 
which  the  disi'use  is  propagated.  Whatever  view  is  heltl  on  this  point, 
jirovided  the  connection  is  admitted,  the  question  next  arises  as  to  the 
vehicle  by  which  this  disease-producing  something  is  carried,  and  it  is 
held  by  most  non-medical  sanitarians  as  well  as  by  many  eniinent  medical 
authorities,  that  the  air  we  breathe  and  the  water  we  drink  rnay  both 
wrve  OS  agents  in  this  matter;  on  the  other  hand,  there  are  some  who 
deny  that  there  is,  as  a  rule,  any  direct  connection  between  disease  and 
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drinking-waicr,  and  who  assert  tHat  a  water  which  is  not  polluted  to  such, 
tui  extent  as  to  inspire  diuguRt  by  taste  nr  sttivll  is  fit  to  drink.'  Those 
who  favor  the  former  view  call  attention  lo  the.  many  recorded  instances 
cf  sickness  affecting  individuals  and  faniilifs  uhure  the  sickness  has 
b«eu  coincident  with  tite  use  of  a  polluted  drinkiug-wuter ;  there  are 
nifto  CAaes  recorded  by  competent  observers  where  a  z\-n)otic  disease  has 
Affected  an  entire  community,  and  has  been  apparently  on  the  inuroase^ 
but  has  been  checked  by  a  clianf^e  uf  driiikiiig-watt^r  ;  thf  n-  are  other 
cases  on  record  where  the  change  to  a  better  water-supjily  has  in  suc- 
ceeding years  been  fallowed  by  a  decrease  in  the  itverugt-  sifkness,  or  by 
a  decreased  death-rate.  In  other  cases  still,  a  locality  ]>eculiurly  liable  to 
certaiu  fonns  of  sickness  at  periodic  or  accidental  iiitervab,  has  ceMsed  to 
be  thus  afflicted,  even  when  surrounding  localities  have  been  visiti'd  as 
usual,  and  when  no  other  conditions  have  been  altered  except  that  a 
polluted  water-supply  has  been  exchanged  for  one  unpolluted  or  less  im- 
pure. On  the  other  hand,  those  who  deny  the  "drinking-water  theory" 
bold  that  such  apparent  connection  between  polluted  water  and  tliscu&c  is 
uiiipty  a  matter  of  coiucidejice,  and  they  point  to  the  numerous  instances 
where  water  known  to  be  badly  polluted  has  been  used  regularly  for  years 
with  apparent  impunity. 

With  all  due  allowance  for  iinpcrfoct  observation  and  for  prejudiced 
observers,  it  seems  that  at  present  the  weight  of  evidence  and  of  authority 
favors  the  idea  that  the  drinking-water  may  become  the  cause  of  disease; 
aad  in  drinking  a  polluted  water  one  always  runs  more  or  less  risk.  In 
studying  mutters  like  this  we  can  hardly  expect  to  reach  absolute  certainty, 
unless  possibly  by  means  of  direct  experiments  upon  living  human  iK^ings 
— a  mode  of  investigation  which  we  arc  involuntarily  obliged  to  witness  to 
H  certain  extent,  and  from  whioli  such  data  as  we  have  are  derived,  but 
which  we  can  never  systematically  conduct.  No  doubt  there  is  much  that 
we  may  hope  to  learn,  in  the  future,  with  i*eferpncr  to  the  propagation  of 
disease;  but  there  are  many  things  that  must  rifst  nion?  or  lofs  on  cir- 
cumstantial evidence,  and  in  detennining  principli>8  which  are  to  guide 
the  community  it  is  best  to  err  on  the  side  of  safety. 

The  attempt  to  isolate  the  effects  uf  various  habits,  which,  from  a 
hygienic  standpoint,  are  decidedly  bad,  gives  rise  to  problems  which  it  is 
often  imposaibie  Co  solve.  We  know  thai  there  are  many  persona  who 
lire  and  se«m  to  get  along  very  well  in  utter  disregard  of  the  laws  nf 
health,  as  far  as  pci"80nal  cleanliness,  wholesome  diet,  pure  air,  and  many 
other  things  are  concerned';  but,  because  many  thus  live  for  a  time  with- 
out ex|>eriencing  evident  inconvenience,  does  any  one  argue  that  purity 
nf  lur,  a  healthful  diet,  and  cleanliness  of  person  are  not  to  be  rccom- 
mended  and  desired  ?  The  effi^t  upon  the  community  of  the  bolting  of 
indigeatible  food  must  be  immense;  but  comparatively  few  are  the  ac- 
knowledged cases  of  injurious  effects.  We  are  able,  however,  in  many 
nWt  to  show  «ven  in  these  matters  that  the  apparent  strength  and  im- 
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munity  from  discomfort  is  due  to  a  constitution  naturfJiy  stronj^,  and  the 
di-aft  upon  the  vital  energy  mxy  Lie  seen,  if  nut  in  the  pentons  therosolres 
in  later  years,  at  least  in  their  children. 

\\'^ith  reference  to  the  danger  from  the  presence  of  decaying  organic 
matter  in  the  drinkin<^-water,  we  must  disting^uish  between  the  or^nio 
matters  from  different  sources.  First  in  importance,  no  doubt,  is  oxcre- 
mental  matter  frum  human  sources.  The  evidence  seems  very  stroner  that 
the  dejections  of  persons  who  arc  sick  with  certain  particular  diseases 
may  communicate  the  disease  to  others  if  they  are  taken  into  the  stomach. 
I  do  not  know  that  there  is  any  proof  that/WM  eewocre  from  healthy  per- 
sons, when  largely  diluted,  is  injurious  if  drunk.  We  know  that  fish 
sometimes  gather  about  the  mouths  of  sewers,  and  seem  tn  thrive;  we 
know,  however^  that  dGComposinff  sewage  drives  away  the  fish,  and,  with 
our  present  light,  we  can  hardly  fail  to  believe  that  d&compo»ing  excre- 
mental  matter,  even  if  it  contain  no  speetlic  organic  poison,  is  detrimental 
to  health  wliou  taken  into  the  stomachs  of  human  beings. 

Next  in  importance  to  cxcremental  matter  is  animal  refuse,  such  as 
forms  the  waste  from  slaughter-housos,  wooI-puUing  estabti.thments,  tan- 
neries, etr.     In  the  case  of  such  substances,  we  have  less  conclusive  evi- 
deuce  of  direct  effect  upon  health  than  in  the  case  of  cxcremental  mattery  j 
and  yet  the  suspicions  against  them  are  so  strong  that  all  possible  me«DSi 
should  be  taken  to  keep  them  out  of  the  sources  of  drinking>WBtor. 

Last  in  order  of  importance  is  matter  which  is  purely  of  vegetable 
origin.  It  is  felt  that  such  substances,  in  their  decay,  may  contaminatn 
the  surrounding  air  so  as  to  \te  a  source  of  injury  to  health,  and  it  would 
certainly  be  undesirable  to  have  any  consideroblc  amount  pre.sont  in  a 
drinking-water.  It  is  difficult  to  see  why  the  products  of  the  decay  of  all 
vegetable  matters  should  be  iniioouous,  if  the  products  of  the  decav  of 
animal  matters  are  injurious  ;  atnl,  in  any  case  of  coutannnation,  animal 
and  vegetable  substances  are  associated  together  and  it  is  impossible  to 
distinguish,  with  absolute  certainty,  differences  in  their  action  or  to  say  to 
which  of  them  ill  effects  are  to  be  ascribed, 

hi  connidcring  the  conditions  which  a  water  must  satisfy  in  order  to 
be  regarded  as  suitable  for  domestic  supply,  it  must  be  borne  in  mind  that 
a  large  portion  of  the  water-drinkors  in  any  largo  town  or  city  are  women 
ami  children,  many  of  them  living  much  of  the  time  indoors,  in  an  arti- 
ficial iitmosphere,  and  they  are  thus  peculiarly  sensitive  to  the  action  nf 
influences  which  would  be  without  effect  upon  a  healthy  person  spending 
a  reasonable  time  in  the  open  air.  ISloreover,  in  the  choice  nf  a  water- 
supply,  wc  must  not  only  avoid  a  source  which  contains  actually  poisonous 
substances  or  substances  which  are  suspected  with  any  considerable  sliuw 
of  reason  of  being  injurious  to  health  ;  wo  must  also  consider,  to  a  certain 
extent,  some  things  which  appeal  mainly  to  the  imagination.  For  this 
reason,  a  water  should  he  as  free  as  possible  from  color,  although  the  col- 
oring substance  may  be  innocuous.  It  may  be  possible  to  educate  a  per- 
son or  a  community  to  drink  a  water  that  is  strongly  colored,  but  unless 
natural  prejudice  were  overcome  by  education  or  by  a  Ufc*experienc«,  the 
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«v«ragQ  of  mankind  would  turn  from  an  unpolluted  water  colored  yellow 
or  bruwn  by  peaty  matter,  to  the  colorless,  sparkling  water  drawn  from  a 
polluted  spring,  provided  the  poUtiiion  was  marked  by  no  peculiar  taste 
or  odor.  The  same  thing  is  true  of  suttpeuded  inaliers.  We  have  had  in 
mind  hitherto  those  subaianccs  which  were  actually  dissolved  in  the  watpr. 
Of  course,  much  that  has  been  said  will  apply  as  well  to  matter  held  in 
suspension  ;  this  is  true  especially  of  cxcreniental  matter  and  of  sub- 
stances u(  animal  origin.  There  are  many  substances  of  earthy  origin 
which  occur,  especially  iu  surface  waters,  which  are  not  capable  of  being 
dissolved,  ami  which,  unless  taken  in  excessive  ({uuntities,  arc  of  compara- 
tively little  sanitary  importance.  Still  even  such  mineral  subhtances  as 
clay  and  mica,'  when  constantly  present  in  the  drinking-water,  have  been 
regarded  as  the  cause  of  diarrb(Ba  and  other  fonns  of  liiekncss.  Nearly 
all  waters  that  cjirry  such  suspended  mineral  substances  carry  aUo  u  quan- 
tity of  vegetable  matter  in  suspension  or  in  solution,  and  just  how  far 
each  sort  of  impurity  is  to  blame  for  ill  effects  it  is  impossible  to  say. 

Now  it  is  possible  to  educate  a  person  into  drinking  without  hesitation 
a  turbid  water,  and  in  some  localities  wliere  all  the  soft  waters  arc  turbid 
and  the  clear  waters  hard  and  unfit  to  drink,  turbidity  becomes  even  a 
recommendation.  As  a  rule,  however,  any  suspended  matter  renders  tho 
water  less  desirable  to  drink,  urul,  in  the  choice  of  a  supply,  the  preference 
siioiild  be  given  to  a  clear  water,  or  if  turbidity  is  the  only  disadvantage 
which  a  water  posaesses,  the  water  should  be  freed  from  suspended  sub- 
stances by  a  process  of  filtration. 

Again,  from  the  standpoint  of  the  imagination,  even  if  it  proves  that 
the  generally  received  idea  is  incorrect,  and  that  there  is  no  real  danger  to 
be  apprehended  from  the  use  of  polluted  water,  we  should  still  endeavor 
to  reach  the  greatest  po.<«ible  purity.  Although,  as  has  been  said  before, 
tbcre  is  no  proof  that  water  containing  perfectly  fresh  sewage  is  unwholo- 
•ome  if  drunk,  still,  scarcely  any  one  would  be  willing  to  drink  such  water, 
and,  as  a  mere  ^nelding  to  what  is  certainly  a  roasonoble  prejudice,  we 
ahould  strive  for  the  greatest  ptMwiblo  freedom  from  contamination. 

In  Europe,  and  es|>ccially  on  the  continent,  great  stress  is  laid  upon 
the  temperature  of  the  water,  and  some  go  even  so  far  as  t(j  reject  rivers 
frora-the  list  of  available  sources  on  account  of  the  considerablG  variation 
in  Icmperature  to  which  tho  water  is  subject  at  different  seasniiH  of  tho 
year.  Wo  cannot,  however,  in  this  country  go  so  far,  although  it  is  very 
true  that  a  uniform  temperature  is  desirable.  Over  a  large  part  of  the 
country  ice  is  used  almost  universally  in  summer.  In  all  the  Northern 
8tates,  a  supply  of  ice  sulBcient  for  the  sininner's  consumption  can  be 
readily  st^^rud  dunng  the  winter,  and  even  in  the  southern  cities  ice  is  not 
extravagantly  doar,  and  for  mo»t  purposes  other  than  for  drinking  tho 
matter  of  temperature  is  of  little  consequence. 


*  For  ftxam|ileH  see  Parkea's  Hj-^cuc,  4th  £d  ,  p.  38. 
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The  QttfMion  of  Cost. 

There  comes  a  time  in  the  history  of  almoet  every  growing  comraunity, 
when  a  supply  of  water  tiiustt  \>e  obtained;  but,  although  in  theory  it  may 
be  true  that  the  ftenf  water  tthould  always  be  introduced  regardless  of  ex- 
pense, in  practice  this  rule  cannot  be  insisted  upon;  and  if,  in  the  case  of 
a  given  town,  a  supply  of  ffood  water  can  be  obtained  at  a  reasonable  ex- 
pense, while  the  cost  of  introducing  the  best  water  accessible  would  b^ 
such  as  to  prevent  the  introduction  of  any  water  at  all  for  years,  it  is 
manifestly  better,  from  a  sanitary  jtoint  of  view,  that  the  less  desirable 
source  should  V>e  choM'n.  It  is  a  question,  however,  whether  sometimes 
there  might  not  Ih>  <'(>-o[>eration  on  the  part  of  several  villages  or  small 
towns,  so  as  to  make  available  for  all  a  source  which,  on  account  of  dis- 
tance or  for  other  reaMoiis,  would  require  a  lai^r  outlay  than  could  \^ 
borne  by  one  alone.  Small  communities  have  always  profited  to  some  ex- 
tent by  the  works  carried  out  by  larger  cities,  but  the  examples  of  co- 
operation by  the  association  of  a  number  of  small  communities  are  not  so 
common.  An  instructive  example  is  afforded  by  the  means  taken  to  sup- 
ply with  potable  water  a  district  in  the  kingdom  of  WOrtemberg.'  Thin 
district,  which  is  known  as  the  **  rauhe  Alb"  lies  from  750  to  800  metres 
above  the  level  of  the  sea,  and  some  300  metres  above  the  surrounding 
lowlands,  has  a  width  of  some  33  kilometres,  and  is  of  such  a  geological 
character  that  the  rainfall  quickly  disappears  in  the  clefts  of  the  Umestonp 
or  dolomitic  rock,  and  does  not  appear  again  in  springs  within  the  region. 
The  surface-  and  rain-water,  collected  by  the  inhabitants  in  oiatems  and  in 
puddled  cavities  in  the  ground,  was  not  only  inferior  in  quality,  but  so 
iuBufliciont  in  quantity  that  often  in  cold  or  dry  weather  it  was  necessary 
to  bring  water  from  the  valley  below,  a  distance  of  from  2  to  1^  kilo- 
metres. 

The  plans  for  supplying  this  district,  containing  between  sixty  or 
seventy  villages,  with  soun'  40.fM>0  inhabitants  scattered  over  an  area  of 
twenty-two  square  i.iilfs,  were  tlevised  bv  Dr.  v.  Khmann,  State  liirector 
of  Public  AVater-SiippIv. 

The  villages  arc  (lividcd  into  nine  groups,  each  group  fonning  a  unit 
for  purposes  of  wjitcr-supply.  The  water  is  taken  partly  from  natural 
springs  in  the  lowtT  land,  and  partly  from  the  ground-water  by  means  of 
wells  and  galleries,  and  is  pumped  by  water-power  to  the  plateau  above. 

The  height  to  which  the  water  has  to  be  forced  in  order  to  reach  the 
various  diatributiti;^  reservoirs,  as  well  as  other  details,  may  be  Iearne<l 
from  the  following  tal)le: 

'  Das  offenttich"  Wa'<.Hor-Veniorgiing8we»en  im  Konij^reich  WQrtteinbei^p.  Denk- 
sohriftnuB  Anlamder  int^Tnationalcn  AuMstellung  fnr  Gcnundheitiipfl^e  nnd  Bettnnga- 
weseo  in  Briliuiel,  verfaa^t  von  Oberbaumth  v.  Ebmann.  Stuttgart,  1876,  4to,  pp.  137. 
Tlds  work,  bcinir  printed  fi)r  private  distribution  only,  is  not  readily  obtained.  Ab- 
stract's are  to  be  fnimd  in  th<?  ComHpondenzbtatt  des  aiederrheiniscben  Vereins  tOxatl 
GesundheitHpllfiKc  vi.  (Ih:Tj,  p.  'Mt.  in  (Jrahn'B  Htiidtische  WaHserveraorgung',  L,  pp.  4- 
fl,  und  in  the  Jonmal  of  tlin  rninklin  Institute,  January,  1H79. 
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Onmp. 


I  Vo.at 
I  ootnmu' 
'  uiiie*. 


Total 

inhabi- 
tants. 


I.,.. 

n... 
in.. 

IV.. 
V... 
VI.. 
VIl. 
VIII 
IX.. 


7,525 
7.000 
3,600 
3,700 
3,800 
1,700 
2.000 
4.300 
2.900 


nuuns  m 
metre*. 


600 
370 
270 
280 
280 
130 
170 
300 
200 


265 

300 
180-255 
117-200 

320 

180 
220-330 

200 
173-230 


34,000 
50,000 
30,000 
32,000 
50,000 
28.000 
30,000 


Sooroc  of  water 


Springs, 
Ground -water. 

Ground-water. 

Springs. 
'J 

Springs. 
Springs. 


25,000     Springs. 


It  will  be  readily  seen  that,  in  this  casp,  it  would  be  impossible  for  a 
single  viliagr,  with  from  -WO  to  800  inhabitants,  to  provide  the  means  for 
the  erection  and  maJiitenaneo  of  the  works  neoesaary  to  bring  the  water 
from  .sufh  a  distance;  und  indeed,  besides  bearing  the  expense  of  the  pre- 
liminary sun-eys.  of  the  preparation  of  plans,  and  of  the  supertntcadencie 
of  the  work,  the  State  contributed  in  some  c&scg  25  per  cent,  of  the  cost 
of  construction.  Of  c-ourse,  we  shall  not  find  in  our  country  any  locality 
where  the  condition  uf  things  is  precisely  aiuiilar  to  that  which  has  just 
been  detailed;  but  tlie  idea  of  oo-operation  and  of  a  comprehensive  plan 
for  supplying  a  district  defined  by  natural  conditions,  rather  than  one 
lioundetl  hy  accidental  ixililicai  circunistntices,  h  worthy  of  consideration. 

The  conclusions  thus  far  reached  are  that  a  suitable  source  of  supply 
should  furnish  water  which  is  abundant  in  quantity;  the  water  should  be 
eolorlesa  and  clear,  i.  f.,  free  from  all  turbidity;  it  should  be  soft  and  con- 
tain not  too  large  an  amount  of  mineral  matter  in  solulion;  it  should  con- 
teiii  no  exeremenlal  or  other  animal  matter;  and  it  should  be  so  situated 
aa  to  make  it  possible  to  protect  it  from  defilement  in  the  future.  More- 
over, while  the  imagination  as  well  as  the  reason  is  to  be  consulted  in  thn 
f-holoe  of  a  supply,  an  extravagant  outlay  is  nut  justifieVwhcn  called  for 
by  extravagant  demands  for  excellence. 

With  these  general  conclusions,  we  shall  proceed  in  the  next  section 
to  consider  the  various  sources  of  watcr<supply  which  are  available,  with 
their  advantages  and  disadvantages. 


SouRCEa  OF  Slpply. 

It  would  be  vcn.'  difRcult  to  devise  a  scheme  which  should  enable  us 
to  oLuaify  the  various  natural  waters,  and  to  separate  the  classes  by  strict 
IxOM  of  demarcation.  For  convenience,  however,  and  with  especial  ref- 
ef«DOe  to  the  subject  in  hand,  all  waters  used  for  purposns  of  town  or 
household  supply  may  be  considered  under  four  general  divisions,  as  fol* 
lows:  • 
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1.  Raia*watcr. 

2.  Surface-waters,  including-  streams  and  lukcs. 

3.  Ground- water,  including  many  shallow  wells  and  a  few  springs. 

4.  De«p-Beated  water,  including  deep  wella,  artesian  wells,  and  most 
springs 

In  the  case  of  some  artesian  wells,  the  water  now  supplied  may  come 
from  the  still  unexhaustnd  deposits  made  long  before  man  appeared  on 
the  earth;  Vnit,  with  such  exceptions,  nil  the  water  used  for  town  or 
liousehold  supply  comes  more  or  leas  directly  from  that  which  falls  from 
the  atmosphere^  as  rain  or  snow. 

The   course  of  the  rain   when    it  reaches  the  earth,  after  its  pasaageJ 
through  the  atniospliere,  depends,  in  great  measure,  upon  the  charmoter  ^ 
of  the  surface  iipon  which  it  falls.     If  the  region  is  rocky,  the  water  may 
find  its  way,  by  means  of  torrents  and  small  brooks,  directly  into  tho 
open  watercourses,  or  into  ponds;   or,  if  the  rain  falls  upon  the  outcrop 
of  inclined  strata,  it  may  sink  through  seams  and  fissures  of  the  rock,  and 
disappear  from  the  surface  to  accumulate  in  some  lower  stratum,  or  to 
fonn  underground  streams,  wtiich  may  appear  again  to  the  light  in  le«A 
elevated  regions.     If  the  ground  is  sandy  and  gravelly  in  character,  the 
water  soakb  readily  into  it,  and,  if  the  underlying  stratum   is  impervious, 
collects  to  form  the  ground-water  of  the  loculity.     This  ground-water,  as  | 
will  appear  more  fully  hereafter,  is  generally  in  motion  toward  a  lower 
level,  and  may  emerge  as  actual  springs  of  small  volume,  or  may  issue, 
unobserved,  to  swell  the  volume  of  rivers  and  ponds. 

On  Jtaiu'water  <ia  a  SoifTve  of  Sujjjift/, 

It  is  not  likely  that  propositions  will  be  seriously  entertained  in  thia 
country  to  supply  by  municipal  enterprise,  any  town  or  city  with  water 
collected  directly  as  it  falls  from  the  clouds.  Plans  to  tins  end  have,  it  is 
true,  been  proposetl,'  but  it  would  be  impossible  in  this  way  to  colltxi; 
enough  water  to  supply  more  than  what  would  l»c  necessary  for  drinking 
and  for  culinar3^>urposes,  and  the  disadvantages  of  a  double  system  of 
water-supply  IiaW  already  been  spoken  of.  There  are  regioim,  however,  in 
this  and  in  other  countries,  where  the  maJn  dependence  of  tiie  inliabitaiiti 
for  the  water  used  in  the  household  is,  of  necessity,  the  rain-water  col- 
lected and  stored  in  some  sort  of  tanks  or  cisterns.  Where  this  is  neces- 
sary, it  is  usual  for  the  individual  householder  to  secure  his  own  snpply  by 
collecting  tlio  rain  (and  snow)  which  falls  upon  his  own  j>remisea.  A 
house  40  feet  by  'iO  feet,  i.e.,  cr>vering  800  square  feet,  would  receive 
upon  its  roof,  with  a  rainfall  of  A2  inches,  2,800  cubic  feet  of  water  in  the 
course  of  the  year.  This  would  be  about  21,000  gallons,  or  about  GO  gal- 
lons per  day  on  the  average. 

The  rain-water  which  falls  in  the  open  country,  awaj*  from  inunufaotar 

'  Ormitby,  A.  8.:  A  New  Idea  for  the  Water-sapply  of  Towni,  etc.,  pamphlet,  ppt 
42,  LondoD,  1807. 
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ing  centres,  is  quite  pure,  and,  no  doubt,  wholcsomn,  although  some  regard 
the  absence  of  niinera.1  salts  as  a  disadvantage.  Rain-water,  however,  as 
ordinarily  collected,  oft4!U  contains  as  niuchsKotid  matter  In  solution  as  the 
waters  of  some  of  the  ponds  or  lakes  which  arc  used  as  sources  of  supply. 
The  Rivers  Pollution  Commission  in  England  examined  a  large  number 
of  samples  of  rain  collected  at  the  experimental  farm  of  ^[pssrs.  I^wes  and 
(rilbert,  about  twenty-five  miles  from  London.  The  average  amount  of 
dissolved  solid  matter  in  some  seventy  apefiniens  was  very  nearly  4 
parta  in  100,(K)0,  although  on  one  occasion  as  little  as  0.0*3  part  in  100,000 
was  found.  The  rain  which  falls  in  towns  is  more  impure^  as,  in  its  pas- 
sage to  the  ground,  it  takes  up  from  the  air  botli  gaseous  and  solid  sub- 
liiaacos.  Moreover,  as  usually  collected  from  the  roofs  of  houses,  it 
becomes  contaminated  with  various  objectionable  suf>slance.s,  such  as  the 
dust  of  the  street  and  the  excrement  of  birds.  The  greater  amount  of  the 
impurity  in  the  air  and  on  the  collecting  surfaces  is  washetl  away  by  the 
first  portion  of  the  rain,  and  it  has  been  proposed  to  arrange  the  spouts  so 
as  to  allow  the  first  portion  of  witter  falling  to  run  to  waste.  Devices  to 
accomplish  this  object  have  been  invented,  aad  it  is  said  that  in  Cadiz ' 
the  water  conductors  of  wudi  house  are  furnished  with  an  arrangement  to 
accomplish  this  object.  As  they  are  not  automatic,  It  is  safe  to  suppose 
that,  in  spite  of  thes**  devices,  a  good  deal  of  dirty  water  is  colleoted— un- 
]«M  Cadiz  is  very  dlfTerent  from  the  rest  of  the  world. 

Owing  to  the  fact  that  rain-water  is  extremely  soft,  it  will  probably 
always  be  collected  for  washing,  except  when  the  general  water-supply 
16  also  very  soft.  If  it  is  to  be  used  for  drinking,  especial  care  should 
be  taken  in  storing  it,  and  it  should,  as  a  rule,  bo  filtered.  Many  exami- 
nations have  shown  that,  as  rain-water  is  usually  stored,  it  Is  subject  to 
contamination  in  a  variety  of  ways.  Open  cisterns  built  in  cellars  are 
certain  to 'collect  dust  and  insects,  and  occasionally  rats  and  mic«;  wooden 
cisterns,  sometimes  wet  and  sometimes  dry,  are  subject  to  decay,  and  to 
vegetable  growth;  lead-lined  tanks  give  up  to  the  water  metallic  poison. 
Kor  the  storage  of  water  in  small  quantity,  there  is  nothing  lH»tter,  from 
a  sanitary  point  of  view,  than  slate  tanks,  and  no  objection  ran  l>e  offered  to 
iron  tanks  protected  fn.im  rusting  by  a  coal-tar  paint.  The  small  storage- 
tanks  will  usually  be  situated  at  the  top  of  the  house,  in  order  that  the 
water  may  be  delivered  by  gravity  to  the  various  apartments.  Being 
used  to  supply  water  for  flushing  the  water- clojiels,  these  tanks  are  some- 
timea  in  communication  with  the  drains  of  the  house,  and  instances  are 
on  record  where  the  water  had  beon  rendered  impure  by  the  gases  from 
ih*  soil-pipes.  The  main  bulk  of  the  rain-water  collected  on  the  roofs  of 
the  houses  is  usually  stored  in  underground  cisterns  built  of  brick  laid  in 
oement.  These  undcrgroun*!  cisterns  are  unobjectionable,  provided  they 
are  properly  protected  and  are  so  con6tructe<l  as  to  admit  of  ready  oleaning. 

It  may  not  here  be  out  of  place  to  allude  to  the  method  of  collecting 
and  storing  rain-water  in  the  peculiarly  situated  city  of  Venice. 


'  Ferreira  :  Hydrologie  ffftit-ralo,  Paris,  1807,  p.  128. 
Vol.  I  —15 
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The  situation  of  the  city  prohibits  the  construction  of  ordinnry  «c]I»« 
althouj^h  of  late  years  a  number  of  artesian  wells  have  be(*M  sunk.  Tlte 
cisterns  have  always  been  an  important  source  of  supply;  these  are  con- 
structed as  shown  iii  Fig.  1. 


vwF vrrwvvvi 


5  w  ^o 

FlO.  1.— Scofeioa  of  reiD-water  ctstera  ui  Vtnic». 
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An  excavation  is  made  in  the  soil  as  deep  as  praoticable,  generally 
about  ten  feet,  and  a  brick  Hoor  and  walls  are  built  with  u  l>acking  of 
puddled  clay,  so  as  to  be  water-ti^bt.  The  walls  are  aometimes  vertical, 
as  shown  in  the  figure,  and  sometimes  they  slope  outward.  A  well-hola 
is  built  of  brick,  water-tijfhl  except  at  the  bottom,  where  openings  are 
left.  Tlie  cistern  is  then  filleil  with  sand,  and  druius  are  constructed  aa 
shown  in  the  figure,  to  collect  and  distribute  the  rain-water  which  runs 
from  the  houses  and  falls  upon  the  streets  and  courtyards.  The  water  ia 
thus  subjected  to  filtration  through  sand,  and,  as  there  arc  no  draught- 
animals  in  Venice,  the  street-wash  i»  not  as  bad  as  it  would  be  in  other 
places.  The  sand,  being  fine,  holds  the  water  and  delivers  it  gradually 
into  the  well-hole.  Of  course,  the  cistern  must  be  made  larger  than  would 
otherwise  bo  necessary,  because  the  snnd  itself  must  occupy  nearly  two- 
thirds  of  the  total  space,  and  thus  leave  only  about  one-tbird  for  the 
storage  of  water.' 

It  has  already  been  said  that  the  rain- water  which  is  used  for  drinking 
should  be  filtered,  but  it  wilt  perhaps  be  better  to  discuss  the  subject  of 

'  Water  for  drinkiDff  has  also  been  brought  from  the  mnin-land  in  boato,  and  a  few 
years  ago  a  projfrct  was  under  discnsjiion  for  incroducing  water  hy  na  oqnedaot.  The 
Bgute  of  the  cUtem,  Fig.  1.  la  tokea  from  Uagen'a  WaAaerbaukuuat. 
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houaehoifl  filtration,  aftor  we  have  considered  other  means  of  aupplv,  for, 
however  much  we  may  deplore  the  fact,  It  is,  and  probably  always  will  bo 
true,  that  much  of  the  water  supplied  by  pubUo  works  requires  BItratton 
in  the  hnuRohcId. 

We  have  seen  that,  as  far  as  the  queation  of  m  general  water-supply  is 
OODcemed,  it  is  not  at  presniit  pmoticahle  to  collect  the  rain  as  it  falls,  and, 
jtisequenily,  from  a  limited  district,  but  thai  we  must  allow  it  to  fall  upon 
the  grouml,  and  tlien  take  water  which  \s  coUeuted  over  what  may  be, 
comparatively,  a  very  wide  area.  We  pass  now  to  our  second  tUvision 
of  available  sources  of  water-supply,  namely,  surface-waters,  including 
streams  and  rivers. 


On  Rivera  tu  a  Source  of  Sup^y, 

Many  rivers  bcgih  with  the  clear  mountain  streams  of  pure  water  flow- 
ing over  a  rocky  bed,  dwindliiifr  in  the  heat  of  summer,  and  increasing  to 
torrents  in  the  time  of  min,  or  in  the  spring  when  the  snows  are  melting, 
Othera  issue  from  a  marsh,  or  from  a  foreKt,  where  the  vegetable  accumu- 
lations many  feet  in  thickness  hold  the  water  like  a  sponge,  and  gradually 
ftllow  it  to  drain  away.' 

As  tlie  river  flows,  it  receives  constant  accessions  to  its  volume,  not 
only  from  tributary  streams,  but  also  from  the  ground-water,  which,  espe- 
cially in  gravelly  or  sandy  regions,  is  continually  passing  into  it.  Oaca- 
fiionally  a  river,  passing  over  the  outcrop  of  upturned  rocky  strata,  loses  a 
portion  of  its  water  or  disappears  altogether;  but,  as  a  rule,  it  increases 
in  size  from  its  source  to  the  sea,  in  spite  of  the  evaporation  which  takes 
place  from  its  surface. 

The  water,  in  its  passage  over  or  beneath  the  surface  of  the  ground, 
dissolves  both  mineral  and  vegetable  matters.  Few  rocks  or  mineral  de- 
posits are  absolutely  unaffected  by  water:  on  some,  water — especially 
natural  water  charged  with  more  or  less  carl>onic  acid — exerts  a  solvent 
action;  others  are  decomposed,  and  yield  new  compounds  to  the  water,  so 
that  the  water  of  rivers  and  lakes  varies  very  greatly,  according  to  the 
situation  or  geological  character  of  the  location.  It  is  further  true  that 
the  water  of  the  same  stream  is  subject  to  considerable  variation  from 
time  to  time. 

There  are  a  number  of  objections  to  the  use  of  river-water  for  dome«tic 
supply.  One  objection  is  the  high  temperature  which  the  water  acquires 
in  summer.  In  this  country  ve  do  not  lay  much  stress  U]ion  this  point, 
as  the  use  of  ice  is  so  general,  and  it  would,  indeed,  he  quite  impracti- 
cable in  many  cases  to  insist  upon  obtaining  a  water  of  anything  like  a 
uniform  temperature  the  year  routid.  Most  streams  are  open  to  the  objec- 
tion that  they  are  liable  to  become  turbid  at  certain  seasons,  especially  in 
times  of  freshet,  and  ore  also  liable  to  become  colored  when  the  stream 

'  Bee.  for  example,  a  reoent  artiole  toy  *M  "  Water-Bupply  of  Bivera,"  by  Geoq^ 
Caboon.  in  the  Popular  Sdexioe  Monthly  for  Jolj,  1878. 
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flows  through  a  poaly  region.  The  most  important  objection  la  thetr 
liability  to  pollution  by  becoming  carriers  of  manufacturings  refuse  or  of 
the  sewage  of  toMrns:  this  objection  we  will  proceed  to  discuss  somewhat 
fully. 

It  is  vt^ry  obvious  why  a  llowing  atroam  should  be  considered  thp 
natural  carrier  of  all  waste  matters  which^  in  wjtutiou  or  in  8usi>en5iou. 
can  be  borne  along  by  the  current.  Unfortunately,  iho  condition  of  many 
fitmanis  in  Kiiglaiid,  and  that  of  a  few  in  our  own  country,  »how  that 
there  are  those,  ignorant  or  rucklesa,  who  do  not  hesitate  to  throw  all  aoru 
of  insoluble  and  heavy  refuse  into  the  beds  of  streams,  regardless  of  the 
Bboaliug  of  the  channel  or  such  aUeraliun  of  the  bei.1  and  bunks  as  leadit 
to  destructive  inundations  and  other  inconveniences. 

In  our  own  country  we  know  comparatively  little  of  the  pollution  of 
rivers.     In   England,  however,  owing  to  the  density  of   the  population 
and  the  variety  and  extent  of  the  manufacturing  establishments,  many  of  , 
the  streams  are  in  a  fearful  condition. 

The  following  ia  a  quotation  from  one  of  the  English  reporta  with 
reference  to  the  rivers  Aire  and  Calder  : 

"  The  rivers  Aire  and  Calder  and  thoir  tributaries  are  abased  by  pa&»- 
ing  into  them  hundreds  of  thousands  of  tons  per  annum  of  ashes,  slag, 
and  cinders,  from  steam *botlers,  furnace«,  tron^works,  and  domestic  fires  ; 
by  their  being  made  the  receptacle,  to  a  vast  extent,  of  broken  pottery 
and  woni-out  utensils  of  metal,  refuse  bri<-k  from  brick-yards  and  old 
buildings,  earth,  stone^  and  clay  from  quarries  and  excavations,  road- 
scrapings,  street -8 weepings,  etc.;  by  spent  dye-woods  and  other  solidi^ 
used  in  the  treatment  of  worsteds  and  wtx>llens;  by  hundreds  of  carcaase& 
of  animals,  as  dogs,  cats,  pigs,  etc.,  which  are  allowod  to  float  on  the  sur- 
face of  the  streams  or  putrefy  on  their  banks  ;  and  by  the  flowing  in,  lo 
the  amount  of  very  many  millions  of  gallons  per  day,  of  water  poisoned, 
corrupted,  and  clogged  by  refuse  from  mines,  chemical  works,  dyeing, 
Bcourtng,  and  fulling  worsted  and  woollen  stuffs,  skin-cleaning  and  tan- 
ning, slaughter-house  garbage,  and  the  sewage  of  towns  and  housea.*' ' 

We  have  very  few  rivers  in  the  United  States  of  which  such  a  de- 
scription could  be  given,  although  in  some  of  the  more  thickly  settled 
parts  of  the  country,  there  are  instances  of  streams  which  have  Ijocomr 
hopelessly  foul. 

Of  course,  the  substances  which,  as  refuse  from  manufacturing  estab- 
lishments, or  from  the  household,  find  their  way  into  running  streams, 
ajc  of  very  diverse  sanitary  importance ;  some  of  them  are  such  as  to  b«* 
universally  regarded  as  unfit  to  admit  to  any  stream — those,  for  instance, 
containing  lead,  arsenic,  etc,;  but  a  large  amount  of  refuse  material  is  of 
•uch  a  character  as  to  be,  except  in  excessive  quantities,  of  no  appreciable 
influence  on  the  huinun  system.  Many  waste  liquors,  which  appear  to 
be  very  offensive,  contain  in  reality  wry  little  of  anything  actually  injari- 


'  Tbiid  Report  of  the  ConimiHwonora  appointed  to  iuqiiire  Into  Lbe  bast  Means  of 
pieveutLDg^  the  Follotion  of  Rivem  (Air«  and  Calder),  1H4I7,  Vol.  I.,  p.  11. 
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ous — such,  for  example,  are  spent  dye-liquors ;  tbey  oommunioate  a  verj* 
foul  appearance  to  the  water  for  some  tiistance,  yet  contain  a  oompara- 
tivcly  small  amount  o£  solid  mattor,  and,  if  discharged  into  a  stream  of 
considerable  size,  are  soon  disseminated  through  it,  and  diluted  to  a  very 
preat  extent. 

The  compounds  of  soda,  potash,  lime,  etc.,  irhich  go  to  waste  are,  as  a 
rule,  harmloss.  In  fact,  it  sometimes  happens  that,  if  the  stream  is  already 
somewhat  polluted,  positive  udvantagc  may  come  from  the  refuse  of  some 
manufacturing  operations.  Thus,  copperas  (sulphate  of  iron)  discliarged 
into  a  stream  polluted  with  sewage  might  actually  improve  the  water,  al- 
though it  would  not  make  it  fit  to  drink.  Much  depends,  of  course,  upon 
the  size  of  the  stream  into  whiah  the  refuse  is  thrown,  Tlius,  it  has  been 
calculated  that  into  the  Merrimack  river,  at  Lowell,  Mass.,  even  during 
the  summer,  it  would  be  necessary  to  throw  more  than  100  tons  of  solid 
matter  daily  in  order  to  increase  the  amount  in  the  water  by  one  grain 
to  the  gallon;  hut  another  and  smaller  stream  might  bo  hopelessly  fouled 
by  a  single  factory. 

Different  in  character,  however,  from  much  of  the  refuse  of  manufac- 
tunng  establishments  is  the  sewage  coming  from  dwellings,  or  the  sewage 
(in  its  more  restricted  sense,  of  excremental  matter  from  animal  sources) 
which  corner  from  factories.  In  fact,  this  foul  material  coming  from 
establishments  employing  a  largo  pumber  of  operatives,  is  likely,  in  many 
vases,  to  have  a  more  injurious  effet^t  upon  the  stream  into  whicli  it  is 
thrown  than  the  refuse  from  the  manufacturing  operations.  There  are, 
however,  some  branches  of  industry  which  discharge  refuse  material  offen- 
sive and  dangerous  to  health;  such  material  is  discharged  from  tanneries, 
wool-pulling  and  hide-dressing  establishtneuls,  slaughter-houses,  and  ren- 
dering-houses. With  the  present  feeling  of  the  liability  of  injurj*  from 
the  presence  of  decomposing  oi^nio  matter  in  drinking-water,  and  of  the 
poasibility  of  the  propagation  of  specific  diseases  by  excremental  matter 
(iius  introduced  into  the  system,  too  much  stress  cannot  tje  laid  upon  the 
importance  of  preventing  the  discharge  of  such  refuse  and  of  sewage  in 
its  more  restricted  sense  into  any  stream  or  pond  used,  or  likely  to  be  used, 
as  a  source  of  water-supply. 

The  difficulties  at  present  in  the  way  of  the  satisfactory  purification  or 
utilization  of  sewage  and  of  many  forms  of  manufacturing  refuse,  make  it 
impossible  absolutely  to  prevent  the  discharge  of  all  such  matter  Into  run- 
ning streams,  and  it  seems  inevitable  that  certain  streams  should  bo  sacri- 
ficed and  allowed  to  serve  as  carriers  of  waste.  Of  course  there  must  be 
B  limit  even  hen?,  and  the  stream  should  not  be  alluwed  to  approach  the 
condition  of  the  Aire  mad  Catder,  mentioned  above,  and  thus  become  an 
actual  nuisance. 

The  use  of  the  same  stream  as  a  carrier  of  waste  and  as  a  source  of 
supply  is  to  be  deprecated,  and,  on  this  account,  it  is  manifestly  unjust 
that  one  town  should  be  allowed,  at  its  own  option,  to  discharge  its  sewage 
into  a  stream  which,  lower  down  in  its  course,  would  otherwise  afford 
suitsble   drinking-water    to  other   towns.      If   certain    streams   must  bo 
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devoted  to  the  basor  use,  this  should  be  done  by  convention  or  by  some 
central  authority.  Indcod,  it  would  bo  of  great  advantage  if  the  entirtt 
question  of  water-supply  and  disposal  of  sevage  for  a  certain  drainage 
area  or  water-shed  were  under  direction  of  some  central  board  or  some  one 
officer.  The  kingdom  of  WQrtemberg,  with  its  area  of  7,500  square  miles, 
took  a  step  in  this  direction  in  the  year  1809,  when  it  created  a  new  office, 
that  of  "  Staals-Techniker  fdr  offentliche  AVasserwerke."  It  was  mad» 
tlie  duty  of  the  Staats-Techniker  to  superintend  the  planning  and  con- 
struction of  all  public  works  for  the  utilization  of  the  available  river  and 
spring  waters,  and  to  advise,  in  matters  of  water-supply,  the  local  authori- 
ties of  any  village,  town  or  city  within  the  kingdom — this  advice  includ- 
ing the  preparation  of  plans  and  estimates^  and  being  without  cost  to  the 
community  asking  the  advice.  We  have  already  alluded  (page  222)  to 
the  water-supply  of  the  district  of  the  "rau/*e  Aitj"*  which  was  one  of 
the  results  of  the  establisbmont  of  this  office. 

Seif-purtJiccUion  of  Water, 

But  it  is  said  that,  even  admitting  the  liability,  or  even  possibility,  of 
injurious  effects  following  the  use  of  water  polluted  to  a  considerable  de- 
gree— of  water  which  gives  evidence  to  the  eye  or  to  the  taste  of  the 
presence  of  a  marked  amount  of  impurity — may  not  this  water  subse- 
quently become  suitable  for  use  by  the  action  of  natural  processes  ?  It  is 
indeed  often  stated  that  *'if  sewage  matter  be  mixed  with  twenty  times 
its  bulk  of  ordinary  river-water,  and  tinw  a  dozen  miles,  there  is  not  a  par- 
ticle of  that  sewage  to  be  discovered  by  chemical  means."  This  may  be 
true.  The  statement  rests,  however,  upon  a  fallacy  and  an  assumption. 
The  fallacy  consists  in  supposing  that  a  water  to  bo  unwholesome  or  dan- 
gerous must  contain  enough  aniniul  matter  to  ]>e  rc^cognized  readily  by 
chemical  tests — enough,  in  fact,  to  be  expressed  in  figures  ;  the  assump- 
tioti  is  that  the  injurious  portion  of  the  organic  matter  is  that  which 
undergoes  rajnd  decay.  This  last  assumption  may  be  probable,  but  it  is 
by  no  means  proved. 

The  alleged  self-purification  of  nuining  streams  may  be  investigated 
by  laboratory  experiment  and  by  observation  on  actual  rivers.  By  pass- 
ing water  in  a  small  stream  from  vessel  to  vessel,  the  Rivers  C'ommisstun 
in  England  have  shown  that,  not  only  is  a  flow  of  twelve  miles  insuftioieul 
to  destroy  the  organic  matter  of  sewage  when  mixed  with  water  in  the 
above  proportion  of  one  to  twenty,  but  also  a  flow  of  one  hundred  and 
sixty  miles  is  far  from  sufficing  for  that  purpose.  We  know  very  well 
that  when  an  organic  mixture  like  dilute  sewage  is  exposed  to  the  air, 
decomposition — chemical  change — soon  sets  in,  and  many  of  the  sul>8tauce« 
are  altered  in  character.  It  would,  however,  probably  take  an  almost  in- 
finite time  in  a  dilute  solution  for  the  oxidation  to  proceed  far  enough 
fur  all  tho  nitrogen  and  carbon,  which  are  the  characteristics  of  the  organic 
mutter,  to  escape  as  carbonic  acid,  free  nitrogen  or  ammonia,  or  to  remain 
06  inoi^aiiio  compounds,  i,  «.,  as  nitrates  and  carbonates.     Some  organic 
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are  readily  decomposed  in  water.  Thus,  urea,  a  compound 
which  occurs  in  urine,  decomposes  !K>  rapidly  into  carbonate  of  ammonia, 
that  it  is  rarely  found  in  th&  most  polluted  waters.  On  the  other  hand, 
bits  of  muscular  fibre,  or  of  epithelium,  will  remain  for  months  in  water 
and  still  be  readily  recogciiieetl  under  the  microscope.  Kvcn  substances 
which  decompose  with  rapidity  when  in  a  concentrated  condition,  are  toler- 
ably permanent  when  diluted.  The  Rivers  Pollution  Commission  mixed 
some  urine  with  water,  in  the  proportion  of  one  g'ullon  of  urine  to  3,077 
iraltons  (imperial)  of  water.  The  mixture  was  agitated  from  time  to  time 
and  samples  taken  for  analysis.  The  resulta,  e.xpres8ed  in  parts  in 
100,000,  were  as  follows  : 

Orcsoto  OriiMiW 

oirtNSL  nltnicvii. 

Immediately  after  raixture,  Feb.  17,  1874 0.282  ....  0.343 

"    18,     "   0.296  ....  0  Ml 

•*    19,     "    , (1.344  ....  0  35fi 

"    24,     "   0.225  ....  0  253 

•»    2a,     •'    0.314  ...  0.259 

"    28,     "    0.314  ...  0,270 


In  spite  of  these  experiments,  however,  it  cannot  be  denied  that  some 
(;hf>tnical  chang^e  does  take  place  in  a  jM>lluted  strcant,  and  the  question 
Nnses,  whether  the  readily  decomposed  substances  are  the  ones  which 
cause  the  injurious  effects  ascribed  to  impure  waters,  or  whether  the  pro- 
ducts of  their  decomposition  or  the  more  permanent  of  the  polluting  sub- 
stmnces  may  be  equally  injurious.  Then,  if  the  genu  theory  is  correct, 
and  if  wimt  we  know  of  the  permanence  of  other  germs  whose  growth  is 
traceable  can  serve  for  analogy,  wo  should  Lnfcr  that  these  germs  might 
well  resist  the  action  of  the  air  or  of  the  oxygen  dissolved  in  the 
wnter. 

If  we  leave  the  laboratory  for  the  field,  we  shall  find  many  streams 
whert^  the  impurity  seems  to  decrease  as  the  stream  flows  ;  it  is,  however, 
difficult  to  find  one  which  flows  for  a  con.siderablc  distance  without  receiv- 
ing tributarieft.  Of  the  two  cases  presi-'uted  in  llm  table  on  the  following 
paf  e,  the  Btacksione  receives  several  un|K>t1uted  allluents,  and  the  distance 
between  the  extreme  points  on  the  Merrimack  is  only  11  or  12  miles. 

The  Blackstone  receives  nearly  all  the  sewage  of  Worcester,  and  a  few 
mFIes  below  the  city  it  is  very  foul ;  but  at  lilackstone  it  has  bt^comc  quite 
different,  and  has  even  been  pr(>|K)8ed  as  a  source  of  water-supply.  I^owell 
and  Lawrence  are  both  large  mttimfHcturing  towns,  and  all  the  liquid 
waste  from  the  factories  and  from  the  cities  themselves  is  discharged  into 
the  Merrimack.  The  question  then  arises:  What  has  become  of  the  sewage 
of  Worcester,  and  why  does  not  the  Merrimack  show  more  contamination 
from  the  cities  and  inantifnctories  of  I.«*iwreiice  and  I.oweil? 

The  principal  causes  which  contribute  to  the  apparent  disappearance 
of  the  refuse  received  by  the  river  are  three,  and  these,  in  what  seems  to 
Ijc  the  inverse  order  of  their  importance,  are  oxidation,  deposition,  and 
dilution. 
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EXAKTNATrON  OF   FLOWTXO  STREAMS. 
(Banilta  •xpn«ad  in  pijtfl  per  100.000  ) 


LoojLLrrc 


BLACKCTOmE  BrvsH. 

(1878.) 

A  few  miloa  boloir  WoroMter. 

At  Milbury.  about  5  miles  lower  down  on 

the  river 

At  BUukiibona,  Bboui  20  milaa  lower  down ) 

■txvcun. , ) 

USBaiHACE   BI7KK. 

(18T3.) 

Ho&n  ot  1 1  examiDationa  above  Lowell .... 
Mean  of  12  examinatiaoa  below  Lowell  and 

above  Lawreuoi: , 

Ifean  of  11  examisalioDH  below  Lawrence. 


0  02S 
0.005 
0.004 


o.oes 

,0.015 
0.018 


Solid  mUna. 


I  I  i 

IiMV-  lOcptnkt    Toul 
■anlc  I    and    i      u 

JToUtlla.  nt*  P.  I 


0.370  0.041     fl.OO     3.70  1 11.70    l.« 


0.00470.0114 

0.00440.0110 
O.OOSIO.OIS? 


8.80 
3.B8 
8.76 


8.87 

S  41 
804 


8. SO 
8.90 
8.38 


1.78 

1  00 
I  7» 


6.00 
0.06 
5.06 


0.08 
0.58 
0.40 


4.10 

4.10 

4  43,  0  18 


0.14 

o.ao 


Oxidation. — Although  it  is  not  practicable,  in  the  case  of  a  running 
stream  like  the  Merrimack,  to  trace  the  progress  of  the  destruction  of  thi- 
oi^nic  material  by  oxidation,  3'et  there  is  no  doubt  thai  an  appreciable 
amount  is  so  destroyed.  Moreover,  a  considerable  oniouiit  of  the  org-anic 
matter  Is  consumed  by  fishes  and  by  the  microscupic  animals  whicli  inhabit 
the  water,  or  is  converted  mto  simpler  compounds  through  the  agonoy  of 
plunLs  of  higher  or  lower  order. 

Dtposition. — Much  waste  material  thrown  into  rivers  U  made  up 
wholly  or  in  part  of  substances  Insoluble  in  water.  A  portion,  and  a  verj- 
considerable  portion,  even  in  a  running  stream,  is  deposited  upon  the 
bottom  or  stranded  upon  the  banks.  This  deposition  can  often  be  very 
plainly  observed  in  the  immediate  neighborhood  of  the  points  of  dis- 
charge. Other  chemical  changes,  besides  that  of  oxidation  alluded  to 
above,  take  place,  especially  where  the  refuse  is  that  from  manufaotones. 
Waste  liquors  from  different  manufacturing  operations  meet  and  cause 
the  formation  of  new  and,  in  many  oases,  insoluble  compounds.  Sup* 
pose,  for  instance,  that  we  have  a  wire-working  establisliment  or  any 
other  iron-works,  where,  for  any  purpose,  the  iron  is  cleaned  by  suljiharic 
acid,  and,  as  is  often  the  case,  the  copperas,  or  sulphate  of  iron,  is  allowed 
wholly  or  in  part  to  goto  waste.  Suppose  there  is  a  tannery  below,  the  spent 
liquors  from  which  run  into  the  same  stream.  The  result  may  be  that  the 
stream  is  converted  into  ink  by  the  chemical  action  which  takes  place  be- 
tween the  two  waste  liquors;  the  ink  may  bo  very  dilute,  to  be  sure,  but 
the  water  might  be  too  black  to  drink  or  to  use  for  any  domestic  purpose. 
If  the  stream  is  discolored  by  this  alone,  it  may  become  perfectly  clear 
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I  after  a  flow  of  a  dozf^n  milcSf  or  even  less.  In  such  a  omso,  no  doubt, 
^tlie  c!iief  c«u&e  of  the  clearing:  of  the  water  is  the  deposition  of  the  colored 
particles  which  make  up  the  ink.  Every  one  knnwtt  that  8<in)C  varietiosot 
ink  become  blacker  on  exposure  to  air.  The  ink  formed  by  mixing  cop- 
peras and  tannery  waste  would  chang'e  by  the  action  of  the  oxygen  of  the 
air,  but  there  would  be  no  considerable  destruction  of  organic  matter;  the 
improvement  in  appearance  would  be  duo  to  subsidence. 

There  are  a  great  many  substances  which,  when  treated  with  water, 
form  a  sort  of  imperfect  solution;  the  resulting  mixture  appears  to  be 
transparent,  as  though  the  solution  wore  perfect,  but  the  substances 
themselves  are  readily  removed  from  the  solution  by  forces  which  senm  to 
he  mechanical,  especially  by  adhesion  to  other  substances  where  no  chemi- 
cal action  can  be  distinguished.  This  is  especially  true  of  organic  sub* 
stances,  and  it  is  well  known  that  almost  any  finely  divided  solid  matter, 
aa  it  deposits  in  a  solution  of  organic  coloring  matter,  will  drag  down 
more  or  less  uf  the  coloring  mattt-r  with  it.  Such  a  de|K)$ition  i>  rontiiiu- 
a)ly  going  on  in  rivers  and  ponds. 

Dilution. — By  far  the  most  important  reason  of  the  apparent  disap 
pearance  of  sewage  and  other  waste  material,  is  the  fact  that  the  amount  of 
solid  matter  is  so  small,  compared  with  the  vfjlume  of  watrr  into  wbit^h  it  is 
thrown,  that  it  is  disseminated  through  the  mass^  and  thus  lost  to  observa- 
lion,.and,in  many  oases,  to  chemical  tests.  If  we  refer  to  the  table  on  page 
23S,  and  compare  the  results  obta,ined  in  the  examination  of  the  l^Ierrimat^k 
river  above  and  below  Lawrence,  wo  shall  not  find  any  such  iiK-reasc  in 
the  amount  of  organic  matter  as  we  should  anticipate  Trom  a  knowledge 
of  the  fact  tliat  between  these  two  points  tlie  river  receives  the  refuse 
from  nearly  all  the  manufacturing  establishments,  a  large  proportion  of 
the  excreta  of  the  factory  operatives,  and  a  portion  of  the  sewage  of  I<aw- 
rencc.  Moreover,  when  the  examinations  were  made,  the  lower  station  was 
wo  short  a  distance  below  the  city,  that  no  chemist,  probably,  would  believe 
that  any  considerable  destruction  of  organic  matter  could  take  place  ir. 
the  rapid  tlow  for  so  short  a  distance;  and  if,  from  chemical  grounds,  the 
evidence  was  not  suffieiont,  the  floating  sonp-suds,  with  still  unbroken 
bubbles,  and  other  materials  borne  down  upon  the  current,  sliowed  the 
same  thing.  Here,  at  any  rate,  dilution  must  be  supposed  to  play  a  very 
important  part,  as  may  be  also  shown  by  considering  the  relative  amounts 
at  the  two  paints  of  some  inorganic  constituent  which  could  not  decrease 
in  amount,  except  as  a  result  of  dilution.  Such  a  constituent  wc  have  in 
chlorine,  compounds  of  which  (especially  chloride  of  sodium — common  salt) 
occur  in  all  sewage  and  in  most  forms  of  manufacturing  refuse.  All  the 
chlorine  used  in  the  process  of  bleaching  is  eventually  washfvl  away,  and 
that  contained  in  the  various  compounds  of  this  element  wliicli  aroused  in 
dye-houses  and  print-works,  finds  its  way  in  the  end  into  the  drains  of  the 
eatabl  ish  me  n  ts. 

Now,  although  large  quantities  of  chlorine  compounds  are  thrown  into 
the  river  at  Lawrence,  yet  there  is  no  apparent  increase  of  the  proportion 
of  chlorine  in  the  water  below  the  citv.     In  this  case  we  have  a  substance 


ON   DKLNKING-WATER   AND   PCBLIC   WATEK-SUPPLIE3. 

riiftUJly  traced.  The  chlorine  cannot  escape  from  the  river  in  gaseoos 
form,  nor  does  U  deposit  in  insoluble  combination,  and  yet  the  first  in- 
spi'ction  of  the  anal^'tical  results  would  lead,  perhaps,  to  the  conclusion 
that  there  was  no  real  increase  of  impurity.  From  these  considerations 
it  is  evident  that  in  the  case  of  the  soluble  organic  matter  it  is  not  neccs- 
liary  to  suppose  any  destruction  or  decomposition;  the  apparent  decrease 
nr  lack  of  increase  may  be  explained,  as  in  the  case  of  cbloriiie,  by  the 
fact  of  dilution;  and  where  the  distance  twtween  the  two  points  of  ex- 
amination is  so  short,  as  in  the  instance  now  under  discussion  (above  and 
below  Lawrence),  this  is  no  doubt  the  main  c^use  concerned. 

From  a  calculation  made  in  1873,'  it  appears  that,  even  in  summer, 
when  the  river  is  at  its  lowest,  as  much  as  100  tons  of  drj/  material  would 
have  to  be  thrown  daily  into  the  river,  in  onler  to  increase  the  solid 
matter  in  solution  to  the  extent  of  one  grain  to  the  ^Uoa.  From  this 
wc  can  see  how  large  an  amount  of  refuse  matter  could  be  thrown  in  with- 
out producing  a  noticeable  effect,  for  the  volume  of  water  is  continually 
increasing  as  the  stream  flows  on;  moreover,  this  100  tons  of  tirt/  refuse 
stands  for  an  enormous  amount  of  such  material  as  is  actually  discharged. 
The  waste  liquors  from  many  manufacturing  operations  are  verj'  dilute, 
and  although  sometimes  the  stream  into  which  the  rpfuse  ts  poured  is 
colored  for  a  considerable  distance,  yet  the  actual  amount  of  solid  coloring 
matter  may  not  be  very  large.  With  reference  to  sewage  matter  proper, 
it  may  bo  said  that  urine  contains  only  about  -1  per  cent,  of  solid  mat- 
ter, faeces  only  about  27  to  30  per  cent.,  and  the  moan  amount  of  dissolved 
solids  in  Boston  day-sewage  waa,  in  1872,  only  six  one-hundredths  of  ons 
per  cent.  (0.06  per  cent.). 

It  would  appear  from  what  precedes,  that  there  is  tiahility  of  over- 
rating the  amount  of  spontaneous  purification  to  which  a  running  stream 
is  subject,  and  it  is  certain  that  we  cannot  decide  with  confidence  as  to 
when  a  stream,  once  polluted,  becomes  fit  to  drink;  moreover,  as  it  is  not 
possible  by  any  practicable  chemical  treatment  or  by  any  process  of  filtra- 
tion to  make  a  polluted  water  wholesome,  it  is  safer  not  to  use  as  a  source 
of  domestic  SMpply  a  water  which  is  knovm  to  have  been  seriously  pol- 
luted. 1 


On  Ponds  and  Lake*  aa  a  Source  of  Supply. 
a 
In'  the  general  character  of  the  water,  ponds  and  takes  do  not  differ 

essentially  from  rivers,  and  on  some  accounts  they  are  to  be  preferred  to 

rivers  as  sources  of  supply,  especially  because  they  are  less  likely  to  be 

turbid  from  time  to  time,  and  arc  also  lens  liable  to  become  polluted.     Thp 

running  streaius  furnish  advantages  in  the  way  of  water-power,  and  afford 

a  ready  tneans  of  disposing  quickly  of  waste  substances,  so  that  ihotr  banks 

are  more  likely  than  the  shores  of  a  pond  to  become  the  seat  of  maon- 

faeturing  industries. 
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111  preferring  lakes  or  great  panda  to  rivers  as  sources  of  supply,  it 
mast  be  borne  in  mind  that  the  objectioa  ts  not  to  the  river  as  sucb.  A 
river  may,  considered  by  itself,  afford  a  most  excellent,  a  j)erfeolly  unob- 
jectionable, supply  of  water.  Its  sources  nmy  b©  clear  and  pure  moun- 
tain-streams; it  may  flow  over  a  rocky  or  gravelly  bed,  uiicunlainiimted 
by  refuse  from  the  habitations  and  factories  of  nten,  and  free,  or  nearly 
so,  from  vegetable  matter;  it  may  be  so  situatet^l  that  no  liquid  refuse 
finds  its  way  to  it,  without  being  first  purified  by  filtration  through  a  suf- 
ficient amount  of  natural  soil.  In  ihis  case  no  objection  can  be  made  to 
using  the  water  for  all  domestic  purposes.  On  the  other  hand,  a  pond  or 
lake  may  be,  in  itself,  a  very  objectionable  source  of  supply,  especially  if 
BO  situated  as  to  receive  direct  drainage,  or  if  fed  by  streams  which  are 
used  aa  aewcrs.  It  is  an  indispensable  condition  in  the  choice  of  any 
stream  or  lake  as  a  source  of  water-supjdy,  that  the  source  should  not 
only  be  free  from  actual  present  contamination,  but  should  also  bo  so 
situated  as  to  render  it  possible  to  protect  it  from  contamination  in  the 
future. 

There  is  one  trouble  to  which  the  water  of  ponds  is  much  more  liable 
than  that  of  rivers,  namely,  to  growths  of  minute  vegetable  organisms. 
This  is  a  matter  which  concerns  especially  the  water-supply  of  the  Kast- 
em  and  Midille  States,  where  the  pruftTL-nce  is  for  a  very  soft  water,  and 
where  surface-water  from  natural  or  artificial  ponds  is  largely  employed. 
No  natural  water  which  is  ojcposed  to  the  air  and  light,  whether  in  pond 
or  river,  is  ever  entirely  free  from  vegetable  and  animal  life,  but  the  lower 
orders,  both  of  animals  and  plants,  flourish  most  abundant  ly  in  still  water. 
Jf  the  water  is  at  the  same  time  shallow,  so  as  to  be  readily  warmed  by 
the  rays  of  the  sun,  the  growth  may  be  very  luxuriant. 

We  are  not  now  concerned  with  the  plants  of  higher  order,  many  of 
which  live  in  the  water.  The  plants  which  are  known  as  eel-grass,  pond- 
weed;  pickerel-weed,  etc.,  which  have  ro<iis  and  leaves,  and  also  at  the 
proper  season  flowers,  are  tn  themselves,  while  growing,  of  no  disadvan- 
tage to  the  pond  or  reser%*oir  in  which  they  grow. 

There  are  also  many  harmless  plants  which  rank  much  lower  in  the 
scale.  Such  are  the  so-calU-d  "  conforvoid  "  growths,  caused  by  plants  of 
filamentous  structure,  grass-green,  or  in  some  cases  bluish-gn^en  in  color, 
forming  tangle*!  masses  readily  removed  fxom  the  water,  and,  when  so  re- 
moved, shrinking  enormously  in  apparent  bulk,  and  drying  away  to  a 
grayish  or  colorless  mass,  in  some  cases  looking  almost  like  coarse  paper. 
These  belong  to  the  class  of  cryptogamous  (non-flowering)  plants  which 
the  botanists  rjJI  ul'jce — plants  which  grow  in  the  water,  or  in  moisl 
places,  and  usually  contain  chlorophyll  (green  coloring  matter)  or  some 
allied  substance.  Plants  of  tiiis  character  grow  in  almost  all  resor\'oirs, 
or  olbor  lK»diea  of  water  exposed  to  the  light  antl  air,  both  in  still  and 
rurming  water;  they  either  float  about  in  masses,  or  are  attached  more  or 
loss  firmly  to  rocks  and  stones  and  other  solid  objects.  By  their  growth 
they  do  no  harm  to  the  water  in  which  ihey  flourish  ;  and  as  they  are 
readily  arrested  by  ordinary  wire  screens,  or  easily  removed  by  rakes  or 
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scoop-nets,  their  presence  causes  no  serious  Incoavenience  in  witer  osedj 
for  town-supply. 

Fig.  2  shows  several  sorts  o£  these  tdgtc  as  thej  appear  when  inag*] 
nifiod;  a  is  a  ^iroyyra;  b  a  zygnema  /  and  c  an  cedoffonium  ,'  the 


Pto.3. 

two  beinf^  shown  in  the  process  of  conjugation.  The  different  species  oc- 
cur of  a  variety  of  sizes.  These  particular  specimens  are  magnified  be* 
tween  80  and  100  dianiotcrs. 

The  vegLitablo  organisms  which  cause  the  most  trouble  and  inconvc 
nienco  are  those  wliich  appear  as  greenish  specks,  or  minute  atraigfat  or 
curved  threads,  diiluaod  through  the  water — visible  enough  jf  a  large  quan- 
tity of  water  bo  looked  at,  but  perhaps  ahnost  escaping  notice  in  the 
small  quantity  which  would  l>o  taken  up  in  a  single  glass.  It  is  true  that 
the  individual  plants  are  in  some  cases  diatinguishahle  by  the  naked  ryt*, 
but  their  form  and  structure  can  be  made  out  ordy  by  use  of  the  micro- 
scope.  If  collected  together  as  a  scum,  which  often  happens,  especially 
on  the  windward  shore  of  a  pond,  the  scum  is  not  coherent,  is  easily 
broken  up,  cither  by  a  wind  setting  in  the  opposite  direction,  by  a  shower 
of  rain,  or  by  artificial  agitation.  The  appearance  has  been  sometiinea 
described  as  that  of  meal  or  of  6no  dust  scattered  through  the  water- 
The  number  of  individuals  is  almost  infinite;  and  under  favorable  condi- 
tions they  increase  with  great  rapidity.     Their  presence  gives  a  decidedly 
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green  or  greenish  yellow  tinge  to  large  bodies  of  wmter;  and  their  doath 
urid  deoav  often  cause  considerable  ofTeiiuc  to  the  sense  of  emcll  of  those 
sojourning  in  the  neighborhood,  and  to  the  sense  of  taste  of  those  obliged 
to  drink  the  water. 

Wliile  very  many  species  of  t!ie  minute  ftlijm  present  this  general  aj*- 
pearance,  the  number  of  species  which  are  known  to  increase  to  such  a 
great  extent  as  to  completely  fill  the  waters  of  ponds  of  many  acres  area, 
and  to  cause  sensible  inconvenience,  is  comparatively  small — the  most 
common  in  New  England  seeming  to  be  the  OMimtyittia  ceruffinona  ;  hut 
rortain  plants  referable  to  the  N'ostochine(B  are  not  uncommon  alone,  or 
in  company  with  tho  Clatjirocystis.  , 


»•••' 


pio.  a 

Fig.  3,  r  gives  a  general  idea  of  the  appearance  of  the  Clathrocya- 
tw  aruffinosa  when  magnified  some  300  diameters.  This  plant  is  often 
found  in  much  larger  masses  than  indicated  in  the  cut;  in  fact,  the  little 
Kack-like  masses  are  sometimes  Urge  enough  to  he  made  out  by  the  un- 
aided eye,  although  no  idea  of  the  structure  can  be  thus  obtained.  Fig, 
13,  u  attempts  to  give  an  idea  of  the  Anabiena  circinatts,  one  of  the 
No»tochinecs  ;  this  plant  occurs  very  frequently  in  ponds  and  in  sluggish 
streams.  Another  common  variety  of  the  same  genus  is  similar,  except 
that  the  filaments  arc  straight,  instead  of  curved;  and  there  are  other 


288      Oir  DKIKKINO-WATER    AlTD    PUBUO    WATBK-SUPPUKS. 


genera  of  algcc  which  occur  in  the  samp  way  as  the  A*uih<etia,  and  present 
»  similar  appearance. 

There  is  hm  ruasuii  to  beliere  that  the  presence  of  these  minute  ttUjm 
givRS  an  xinwlioirannie '  charHCter  to  the  water;  atul  the  inconvciiipiioe 
caused  by  their  presence  and  decay  is  fortunately  of  abort  duration, 
being,  as  a  rule,  for  only  a  few  weeks  of  the  year.  They  are  not  a  sign 
of  impurity,  as  they  grow  in  ponds  whinh  are  far  removed  from  all  smirct 
of  contamination;  still  a  pond  known  to  be  subject  to  such  growths  would ^ 
be,  on  this  account,  less  desirable  as  a  source  of  supply.  There  is  no  means 
known  of  preventing  the  growth,  but  by  a  properly- conducted  filtration 
the  water  may  bo  made  n^icl)  more  acceptal'le  to  the  eye  and  to  ibo  taste. 

ImpoumUng  reservoirs. — Many  towns  in  this  country,  some  in  Eng- 
land, and  a  vcrj*  few  on  the  continent,  supply  themselves  with  water  from 
artificial  ponds  made  generally  by  ilninining  a  brook  or  small  stream  which 
flows  through  a  valley,  iieross  which  a  dam  can  be  conveniently  and  safely  j 
built.  .StreamB  which  seem  to  the  uneducated  eye  altogether  inadequate' 
arc  thus  made  to  furnish  a  uniform  and  considerable  supply.  The  disad- 
vantage of  this  methofl  is  that  the  reservoirs  are  very  often  made  by  flood- 
ing land  which  is  under  cuUH^atiun.  or,  at  any  rate,  covered  with  more  or 
less  vegetable  growth.  The  Jand-plants  being  killed  by  submersion,  under- 
go decay  and  communicate  to  the  water  for  some  time  an  unpleasant  appeal^  ' 
anoe  and  a  disagreeable  taste.  Agun,  in  such  new>made  rcsen'oira,  it  is 
apt  to  Itappcn  that  there  is  a  consificrable  pf»rtion  about  the  edges  of  thft 
pond  where  the  water  is  very  shallow,  and  where,  consequently,  there  is 
opportunity  for  the  growth  and  subsequent  decay  of  aquatic  plants.  It 
would  be  a  great  advatitagc  if  in  these  reservoirs  there  were  never  less 
than  twelve  or  fifteen  feet  of  water,  although  even  if  this  were,  in  altf 
cases,  practicable,  it  would  not  prevent  the  growth  of  minute  alg»  such 
as  have  been  described  as  of  frequent  occurrence  in  nuturnl  ponds.  These 
artificial  ponds,  as  time  passes,  beoomc  more  and  more  like  natural  ponds 
fed  by  surface-waters,  and  are  open  to  the  same  general  objections  and 
require  the  same  care  to  protect  them  from  polluting  influences. 

(hi  the  Grouiifl-  Water  as  a  Source  of  Supply, 

Whenever  the  rain  falls  upon  a  dcjKtsit  of  sand  or  gravel,  or  other 
material  which  affords  little  resistance  to  the  passage  of  water,  it  quickly 
disappears  from  view,  and  if  there  be  an  underlying  impervious  stratum, 
such  as  of  clay,  the  water  accumulates  above  it  to  form  what  is  called 
tho  ground-watf-r  of  the  locality.  The  distance  from  the  surface  of  the 
ground  to  the  surface  of  the  water  in  any  particular  place  is  dependent  in 

^  Then  is  one  c&m  on  ntoonl  where  cattle  have  lieen  killed  hr  drinking'  pood-water 
which  ooQtaiued  large  qaantitlM  of  a  aperiics  of  XotiuUtria,  s  (>lAnt  wbixsb  ha*  aomm-  j 
thing  of  a  nwembliuioB  to  the  Aiutbirna.     (Appi  Nature.  XV  [IT.,  1H78.  p.  tl.)     Thist 
in  Australia.     No  aucb  casen  hare  come  to  the  knowledge  of  the  writer  here.     l>Mi«n  ' 
the  aia^  ore  oUtc  aud  fresh,  horses  and  oattle  driak  the  water  readily,  in  preference  to 
apring-woter :  when  decaj-  takes  place,  the  water  Bometimea  t>eoomes  to  oSmaivt  thai  , 
they  riifuHe  to  drink  it.     lu  thb  condition  ft  Is  manifeatly  unmiited  for  domertic  nite. 
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■  measure  upon  the  amount  of  water  which  falls  as  rain  or  snow,  and  ts 
consequently  subject  to  considerable  variations;  but  while  the  height  of 
the  ground-wator  is  subject  to  variation,  a  very  uniform  relative  level  is 
often  maintained  over  wide  areas.  The  height  of  the  ground-water  and  its 
fluctuations  are  important  factors  in  the  sanitary  condition  of  any  locality. 
Kor  limited  distances  the  water-surface  may  be  nearly  horizontal,  and 
sometimes  this  dej>osit  of  water  can  be  regarded  as  an^  underground  lake 
or  pond  filling  a  basin  of  impervious  materials,  ^^ore  often,  however, 
there  is  uot  oidy  an  inclination  in  the  surface  of  the  ground-water,  but 
also  a  movement,  a  sluggish  flow,  toward  a  lower  point  where  water 
appears  to  the  eye  in  pond  or  rivrr.  Most  rivers  of  any  size  flow  for  a 
portion  of  tlwir  course  thrttugh  beds  of  sand  and  gravel  which  U&ve  been 
depoeited  by  the  river  itself  at  an  earlier  stago  of  its  history,  and  many 
ponds  and  lakes  am  situated  in  similar  deposits.  In  any  such  case,  near 
the  banks  the  water  Htand.s  al  approximately  the  same  level  in  the  gravel 
and  in  tho  river  or  pcmd  ;  and,  us  we  recede  from  the  banks,  the  water- 
levol  is  found  to  rise  more  or  less  regularly  according  to  the  character  of 
the  deposit.  The  ground-water  contributes  in  no  inconsiderable  amount 
to  the  volume  of  the  jjund  or  river,  issuing  as  a  rule  unobserved,  b\rt 
sometimes  in  springs  or  streainlots.  It  ih,  however,  important  to  notice 
that  a  river  does  not  goiierally  cut  entirely  tlirough  tlie  water-bearing 
stratum,  and  often  ihero  is  l>eneatli  it^  bed  a  deposit  of  water  differing  in 
character  frcim  that  of  the  stream  itself.  In  fact,  it  is  well  known  thai  the 
beds  of  some  mudcrn  rivers  are  many  feet  above  their  ancient  beds,  and 
the  intervening  deposits  are  filled  with  water  moving  slowly  toward  tho 
mouth  of  the  visible  stream.  Again,  in  regions  where  the  rivers  disap- 
pear during  the  dry  season,  it  is  often  ]K>ssible  to  obtain  water  by  digging 
into  the  river-bed  when  there  is  no  longer  surface-water  to  draw  upon. 


\. 
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Fig.  4  will  illustrate  some  of  the  relations  of  the  visible  river  to  the 
gTDUiid-water.'     Of  course,  in  this  diagram  the  vertical  scale  is  much  ex- 

*  Tnm  the  .1.  Berlcht  der  vom  Atadtmaffistntfl  UuDchen  DipdergeMtzM  Conunis* 
iion  fOr  Wstscrvetsor^ng,  CauoUsacioa  and  Abfubr  in  den  Jahren  1874-75;  Hnoich, 
1875.  The  profiles  in  Fi(f3.  4  and  3  are  selectc'd  from  a  great  uumbcr  which  apiwar 
to  tb«  raports  of  lht8  cotuminton. 
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aggerat^^l,  bat  it  sbowg  plainlj  that  the  depth  of  wmter  ia  the  riTer  U 
very  nnAlI  comp&re<i  with  that  of  the  entire  ground-water. 

The  inclination  of  th*-  ground-water  depends  mainly  upon  the  character 
of  the  water-bearing  stratum  itself  and  the  readiness  with  which  it  allow» 
water  to  pass  through  it.  When  the  water-bearing  stratum  is  thin  th^ 
configuration  of  the  underlying  impervious  stratum  also  exerts  an  influence 
in  the  matter,  espMially  in  determining  the  direction  of  the  flow;  bat  th&t 
very  considerable  irregularities  may  exist  tn  the  surface  of  the  impervioiis 
stratum  itself  without  altering  the  general  inclination  of  the  ground-water, 
iff  evident  from  Fig  5.  The  configuration  of  the  surface  of  the  ground 
has  little  influence  in  the  matter,  and  it  is  seldom  possible^  from  surfscr 
observations,  to  argue  as  to  the  conditions  obtaining  below  the  soil  except 
in  a  general  way. 


F16.& 

On  the  Ground-  Water  as  a  Source  of  HoutehoM  Suppiy, 

The  ground- water  has  been  made  use  of  as  a  sooroe  of  water-sapplr 
from  time  immemorial  When  obtained  by  sinking  a  well  into  a  stra- 
tum of  sand  or  gravel  which  has  not  been  artificially  disturbed,  it  is,  as  a 

rule,  bright  and  clear,  and  frvo,  or  nearly  free,  from  organic  matter.  Al- 
though originally  crjming  from  the  atmosphere,  in  its  alow  passage  into 
and  through  the  ground  the  water  has  been  subjected  to  a  long  process 
of  Acdinientation  and  tiltration,  combined  with  processes  of  oxidation.  In 
this  sense  the  water  may  be  said  to  have  been  purified  by  natural  filtra- 
tion; the  procos5,  however,  is  not  brought  about  by  the  means  taken  to 
collect  and  utilize  the  water,  but  has  been  practically  completed  before 
the  demand  is  made  upon  it. 

The  obje<^'tion  to  such  shallow  wells  as  a  source  of  drinking-water  is 
mainly  on  account  of  their  liability  to  contamination.  This  liability  wiU 
be  best  understood  by  a  consideration  of  what  happens  when  water  is 
drawn  from  suth  a  well. 

Of  course,  the  [lumpinir  of  water  from  the  well  causes  the  lowering  of 
the  natural  water-level;  and  if  the  pumping  be  regulated  so  as  to  keep 
the  level  of  the  water  in  the  well  at  a  certain  fixed  point,  as  at  a.  Fig.  6. 
the  ground-water  in  the  nelprhhorhood  of  the  well  also  assumes  a  constant 
level,  as  indicated  in  the  figure  by  the  curved  line  ab.  The  influence  of 
thf-  piiin[>in^  will  be  felt  in  all  direction!*,  as  indicated  by  the  plaA,  Fig.  7. 
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U  the  demand  made  upon  the  wdl  be  increased 
ibc  water  in  ihe  well  is  kept  constanily  at  a  lower  point — the  circle  of  in 
fluence  is  extended.  The 
distance  to  which  the  mens- 
urable influence  of  the 
pumping  is  felt,  in  any 
cMaCy  depends,  other  things 
being  equal,  upon  the  char- 
acter of  the  water-bearing 
deposit. 

The  taking  of  water 
from  this  underground  sup' 
ply  resenitilea  in  many  re- 
vpects  tlif  taking  of  water 
from  a  pond  or  lake.  Sup- 
pose that  we  have  a  lake  or 
pond,  as  there  are  many, 
generally  situated  in  val- 
leys, with  no  considerablfl 
visible  inlet,  and  yet  from 
which  experietioe  has  shown 
tlial  a  certain  number  of 
gallons  daily  can  ho  with- 
drawn without  affecting  its 
level:  if  this  lake  be  now 
filled  with  sand  and  gravel, 
we  can  still  pump  the  same 
daily  f/utuUtun  (even  more,  owing  to  lessened  evaporation);  but,  owing 
lo  the  rcHislance  of  the  material,  the  level  of  the  water  does  not  etjuali/e 
itself  at  once,  although,  if  the  pumping  cease,  the  water  in  the  well  soon 
rises  to  the  normal  level  of  the  ground-water. 

In  order  that  the  well  should  give  n  nniforni  supply,  the  amount  of 
rminfall  received  over  the  region  drained,  and  over  the  region  which  con- 
tributes  to  the  underground  supply,  should  be  uniform.  The  level  of  the 
ground-water  is  subject  naturally  to  some  variations,  according  as  the  sea- 
son is  wet  or  dry.  If  there  were  no  rainfall,  or  if  the  amount  supplied  hy 
the  rainfall  were  less  than  the  amount  pumped,  the  ground-water  woidd 
be  lowered  eventually  throughout  the  entire  water-bearing  stratum,  prac- 
licaliy  to  very  nearly  the  level  of  the  water  in  the  well;  or,  to  refer  to 
Fig.  6,  the  point  b  would  recede  farther  and  farther,  until  for  some  dis- 
tance the  curve  a  ft,  the  straight  line  a  &,  and  the  straight  line  a  c  would 
all  three  practically  coincide;  that  is  to  say,  if  the  lake  which  we  took 
for  comparison  were  no  lake,  but  a  cisteni,  it  would  be  eventually  pumped 
dry,  or  to  the  level  of  the  suotion-main. 

It  is  (juito  evident  that,  in  the  case  of  shallow  wells  such  as  arc  now 

under  consideration,  if  a  cesspool  or  privy-vault  be  situated  within  the 

circle  of  influence  of  the  well,  any   liquid  which  soaks  from  it  into  the 
Vol.  I. —Hi 
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ground  will  bo  likc^ly  to  find  its  way  into  the  woli,  unlosa  the  amoitnt  of 
liquid  ho.  too  small  tu  saturatoi  thp  soil  into  which  it  aoaka.  lu  this  oaso, 
th»  water  is  iield  by  capill&i-ity,  aud  slowly  evaporated,  leaviug  in  the  suit 
a  continually  increasing  amount  o{  objectionable  organic  matter,  which  is 
liable,  on  the  occurrence  of  heavy  ratns,  to  be-  washed  into  the  well.  This 
explains  what  has  actually  been  found  to  be  the  fact,  namely,  that  some 
wtillii  arc  noticeably  bad  after  heuvy  raiii»,  while  at  other  limes  the  water 
seems  to  be  good.  On  the  other  hand,  where  there  is  a  more  direct  pas- 
sage of  offensive  matter  into  the  well,  a  heavy  rain  may  dilute  the  water 
so  that  it  will  be  better  thjin  in  a  dry  time.  In  wells,  as  in  almost  everr- 
Uiing  else,  difFereneo  of  condition  gives  difference  in  the  result. 

In  the  case  of  a  well  supplying  one  or  two  families  only,  the  circle  of 
measurable  influence,  as  far  as  the  height  of  the  ground-water  la  cciii- 
cemed,  is  quite  small;  but  this  is  by  no  means  the  circle  of  possible  con- 
tamination, for  the  wator  drawn  from  the  well  is  not  taken  from  that 
which  falls  within  this  limited  area,  but  is  taken  from  that  portion  of  th<^ 
ground-water  which  happens  at  the  time  to  be  passing  through  the  wpU, 
so  to  speak.  Id  most  cases,  as  has  already  been  stated,  there  ;»  a  move- 
ment of  the  ground-water,  and  it  sometimes  happens  that  a  source  of 
contamination  may  be  very  near  the  well  without  affecting  it,  owing  i" 
the  fact  that  the  direction  of  this  movement  is  such  as  to  carry  the  drain- 
age away  from  the  well.  If  the  supply  of  water  be  abundant,  it  may  \>^ 
possible  for  offensive  or  injurious  matter  to  be  so  tliluted  that  no  per- 
ceptible effect  is  produced  on  the  well;  but,  as  the  ground  becomes  more 
and  more  charged  with  dec-aying  substances,  the  danger  of  future  con- 
tamination becomes  greater. 

Most  wells  are  dug  simply  with  the  view  of  obtaining  water  and  of 
having  it  as  convenient  to  liand  as  possible;  the  cesspools  are  dug  simi- 
larly, with  a  view  to  convenience,  except  that  the  demand  here  is  that  ih»» 
liquid  contents  shall  readily  drain  away.  Provided  the  well  furnishes  an 
abundance  of  water,  and  the  cesspool  allows  the  liquid  refuse  to  soal 
away,  and,  on  this  account,  seldom  requires  cleaning  out,  there  is  liitW 
concern  as  to  what  goes  on  unobserved  beneath  the  surface  of  the  ground. 
In  the  course  of  time  the  well-wator  is  discovered  to  be  impure,  cither  by 
a  bad  taste,  or  by  analysis  whi(;h  has  ^J©en  grudgingly  ordnred  owing  to  the 
suspicious  sickness  of  sotuo  who  have  drunk  the  water. 

There  are  other  shallow  wells  which  do  not  draw  their  supply  from 
the  ground-water,  properly  speaking,  but  are  sunk  so  as  to  intercept  the 
water  flowing  thnjugli  a  rocky  fissure,  or  are  sunk  into  the  rock  s*j  as  to 
form  a  collecting  basin  or  reservoir.  Such  wells  are  in  some  resp«»ots 
even  more  liable  to  contamination  than  the  wells  sunk  into  the  ground- 
water, for,  in  the  pores  or  interstices  of  a  gravelly'  soil,  there  is  a  continu- 
ally changing  body  of  air  which  affords  more  or  less  opportunity  for  tin* 
oxidation  of  the  organic  matters,  so  lliat  the  process  of  rendering  tlie 
well  unfit  for  use  is  a  gradual  one  ;  and  often  a  well  will  furnish  good 
water  for  a  long  time  and  then  become  suddenly  bad — suddenly,  it  seems 
to  those  who  have  not  been  aware  of  the  progress  of  the  pollution.     On 
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Analysts  proved  the  water  to  be  highly  polluted,  and  the  figure  shows 
how  favorably  the  well  is  situated  for  recoivini;;  bothsiirface-drainage  and 
soakage  from  the  privy.     In  1S70  five  cases  of  typhoid  fever  occurred  ia 
the  house  which  drew  its  water  from  the  well  shown  in  Fig.  9,  and  led  to  j 
the  examination  of  the  water,  which  proved  to  be  badly  contaminated. 
These  two  cases  are  but  illustrations  of  what  exists  in  hundreds  of  other] 
localities.     In  digginf^  shailow  wells  the  site  should  be  ehosen  so  as  to  ] 
avoid,  RH  far  as  }>os.sible,  all  (contamination;  the  top  of  the  well  should  be 
protected  by  a  cover,  and  the  upper  |>ortion  of  the  well-hole  should  be 
thoroughly  cemented  in  order  to  pre\'ent  the  direct  entrance  of  surface- 
tlrainage. 

It  ought  aUo  to  be  said,  in  this  connection,  that  there  ar«  some  dose, 
especially  clayey  soils,  which  do  not  allow  free  pasaage  of  water,  and  the 
line  where  the  soil  seems  saturated  is  not  the  level  «)f  a  true  ground- 
water. In  such  locations  the  opening  of  the  well  serves  In  a  me&sure  to 
drain  the  soil  and  lower  the  level  of  saturation,  even  when  little  water  U 
pumped.  If  the  water-bearing  deposit,  however,  is  open,  and  allows  free 
passage  of  the  water,  the  mere  opening  of  the  well  has  no  effect.  These  . 
'* drainage- wolU "  are  liable  to  contamination,  like  other  shallow  wells,' 
and  the  water  is  naturally  inferior  to  that  obtained  from  a  freely  moving 
ground-water. 


Oh  the  Ground'  Water  as  a  Source  of  T\>wn-SHpply. 

"When  A  village  or  town  la  so  located  that  an  abundant  supply  of  water 
can  be  secured  from  the  ground-water  without  going  lo  a  distHnco,  it  is 
much  better  to  supply  the  whole  community  from  ono  or  several  Urge 
wells  than  it  is  for  each  family  to  have  its  individual  well.  This,  of  ooarac, 
involves  some  expense,  but  gives  greater  security  from  contamination; 
for,  while  the  individual  wells  are  very  liable  to  become  polluted,  the  site 
of  the  larger  wells  can  be  so  chosen  as  to  make  the  risk  from  this  Boure* 
very  small.  It  is  generally  desirable,  and  in  some  casrs  it  is  necessary,  to 
determine  by  experimental  investigation  the  direction  of  the  flow  of  the 
ground-water.  A  large  well  drawing  its  supply  from  the  ground-water 
is  located  in  Prospect  Park,  Brooklyn,  N.  y.  It  is  about  35  feet  in  dia- 
meter, and  supplies  '^.'iO.OOU  gallons  daily.  The  water  is  not  used  for 
domestic  supply;  but  there  are  other  localities  in  the  country  where  such 
wells  are  in  use.  The  supply  of  water  procured  in  this  way  may  often  be 
very  much  increased  by  sinking  a  series  of  wells  at  short,  distances  apart, 
or  by  having  a  single  well,  and  running  from  it  galleries  into  the  water- 
bearing deposit.  A  comparison  of  Figs,  7  and  10  will  show  the  effect  of 
such  a  series  of  well;*,  or  of  a  collecting  gallery  where  there  is  a  free  flow 
of  water. 

The  most  favorable  situntinn  for  a  gathering  well  or  gallery  is  in  tlie 
neighborhood  of  a  river  (or  lake),  for  two  reasons:  first,  because  at  such  a 
place  there  is  almost  certain  to  be  a  decided  movement  of  the  ground- 
water toward  the  stream;  and,  in   the  second  place,  the  water  from  the 
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river  can  raako  up  any  dffinienoy  cauaed  by  removal  of  the  ground-water, 
by  filtcriiijc  through  the  bank  and  bed  of  the  river. 

For  these  roAswrns,  tlu-  locality  most  commonly  ohosen  is  on  the  bank 
*if  a  runtiing*  stream  in  a  deposit  of  p'i"*vl-  The  simplest  form  of  collect- 
ing-works 18  the  open  basin;  but  in  an  open  hasin  the  water  is  exposM»d  to 
the  ilircct  rays  of  the  Ktin,  and,  in  summer,  bt^cuines  heated  above  itn 
natural  tempei^turo;  this  favors  vegetable  growtli,  and  in  some  places 
inconvenience  has  arisen  from  this  cause.  It  is  unquestiotiahly  hotter, 
and  in  warm  climates  it  is  c$M>ntial,  to  have  the  ba.'<tns  covered. 

Another  method  of  utilizing  the  ground-water  is  to  construct  a  covered 
gallery  which  shall  ]>ermit  the  percolation  of  water  into  it,  and  from  which 
the  water  can  flow  to  the  pump-well;  for,  as  is  indeed  ordinarily  the  caie. 
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vhen  the  supply  is  taken  from  river8,  pumping-works  are  almost  always 

k  necessary  part  of  such  a  scheme.     There  are  many  examples  of  coUect- 

ing-galleries  in  Europe  and  in  this  country.     A  single  example  will  sufBoe 

for  nttutration.     The  aecompanying  cut,  taken  by  permission  from  Fan* 
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ningV  "  Watcr-Supi>l}'  K^g■incf^ring,"  rcpif Rents  the  gallery  nt  Lowrell, 
Mas*.  This  is  on  the  northerly  shore  of  the  ^[ernn)ack  river,  and  parallel 
with  it,  about  100  feet  from  the  water's  edge.  Its  leng-th  is  1,300  feet, 
width  8  feet,  and  lieight  (inside)  S  feet.  The  side-walls  and  the  semi- 
rimilar  brick  arch  arc  intended  to  be  water-tight;  and  the  water  entera 
at  the  bottom,  which  19  covered  with  coareoly-screened  gravel ' 

Another  method  of  collecting  the 
ground-water  consists  in  employing, 
innlead  of  such  a  gallery  as  has  been 
described,  a  line  of  iron  pipes,  ».  «.,  prac- 
ticftUy  water-mains,  cast  with  a  great 
number  of  narrow  longitudinal  slit*, 
and  laid  with  loose  joints.  These  pipe» 
collect  the  water,  and  conduct  it  to  re- 
cti ving-wcUs,  from  which  the  supply  is 
pumped.  In  filling  the  trencn  in  which 
the  pipes  are  laid,  the  pipes  arc  sur- 
rounded on  all  sides  with  coarse  material 
of  too  large  a  size  to  fall  into  or  through 
the  slits,  and  the  trench  \n  then  filled 
with  screened  material  of  decreasing 
size.  The  figure  (Fig.  12)  will  gire  some 
idea  of  this  method.  A  less  elaborate 
mode  of  applying  the  same  principle 
.t;ji;:,au'  cimslsls  in  substituting  for  the  iron 
;  u..  ;^  pipes  ordinary  cement  or  other  unglaxed 

drain-pipes,  laid  loosely.  At  Arling- 
ton, Mass.,  such  an  arrangement  is  in  operation,  the  pipes  being  laid  in 
the  gravelly  bed  of  an  nrtihcial  reservoir,  made  by  damming  a  small 
brook. 

Sometimes  the  collecting  galleries  or  pipes  are,  as  in  the  instance  just 
mentioned,  placed  actually  beneath  the  bed  of  a  river  or  pond.  The  fig- 
ure (Fig.  13),  represents  the  section  of  a  collecting  gallery  {or  filter  gal- 
lery, as  it  is  called),  which  is  in  actual  use  at  a  paper-mill  on  the  Westfield 
river,  in  Massachusetts.     The  description  of  the  gallery  is  aa  foUo»"8  : 

"The  water  is  obtained  from  a  gravel  or  sand  bed  which  lies  within 
the  bed  of  the  river  when  the  water  is  high,  although  not  covered  with 
water  for  the  greater  part  of  tho  year.  In  this  gravel-bed  a  trench  of 
250  feet  long  was  dug  of  such  depth  as  to  bring  the  boltoni  of  it  as  low 
as,  or  lower  than,  the  bottom  of  the  river  at  its  deepest  part,  and  of  6 
feet  or  more  in  width.  The  trench  was  then  filled  to  the  depth  of  a  foot 
with  stones  of  various  sixes,  from  sniall  cobble  to  coarsest  gravel  stones^ 
making  the  surface  as  even  as  possible,  though  with  a  slight  grade  down- 
stream. 


I 


'  For  a  fuHer  de»criptinn,  Kce  the  Third  Annual  Reportof  the  Water  CommiaBionaigj 
of  the  City  of  Lowell,  January,  \^Ti. 
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"  On  this  foumlation  a  line  of  timbers  6  by  G  incbos  is  laid  on  each 
Bide  of  the  trench,  4  ieei  apart.  Across  these  are  placed  aud  firmly 
nailed  on,  3  /ect  apart,  square  frames  i  feet  wide  hy  3  feet  high,  made  uf 
limber  6  by  €  incht^ti,  each  framo  stren^faened  in  the  centre  by  a  standard 
"^  by  0  inches  from  the  tup  to  the  bottom.  The  top  and  two  sides  of  this 
row  of  frames  are  covertnl  with  hemlock  plank  2^  iiichcu  thick,  and  thus 
a  fUteriiig^gallery  250  feet  long,  3  feet  high,  and  4  feet  wide,  is  made. 
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On  the  outside  of  this  i^allery,  at  the  bottom,  a  tilling  of  8  inches  of  ex- 
c^elfiior  is  lifrhily  trampi^il  down,  and  then  the  trench  is  fillwl  up  with  the 
^avel,  and  the  filter  is  complete.  From  this  filter  f)00  gallons  per  minute 
nf  the  clearest  water  are  oVitaJncd.  The  filtration  is  upward  Hnd  throug-h 
the  stone  bottom  :  the  tfallery  is  kept  full  in  low  wnier  by  taking  water 
through  canals  over  the  lilter  from  a  point  in  the  river  above."  ' 

The  account  of  this  irallerr  lias  been  given  with  some  detail,  to  show 
tluit  at  a  comparatively  small  expense  it  might  often  b«^  possible  for  a  vil- 
lagw  or  small  town  to  procure  a  supply  of  wHlerof  superior  quality.  The 
use  of  the  so-called  "excelsior,"  i.  *?.,  practically  lino  wnod-shavings,  is 
not  to  be  recommended,  nor  would  it  be  neces.sary  if  the  materials  used  in 
filling  the  trench  w**re  properly  scn^ened  and  ;rruded — the  coarsest  beings 
put  first  and  ihe  finest  on  top  of  all.  Of  crjurse  it  would  be  necessary, 
in  any  particular  case,  to  ascertain  by  experiment  whether  there  was  a 
•aitable  place  for  the  location  of  such  a  frallery. 


'  nBth  Animal  Eeport  of  the  MaB»cbnBett«  Btate  Board  of  Health,  p.  180. 
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^^^tmAmm^tAe  Water  obtained  by  '*  Aatural  ^titration:* 

9-wmm:  iitmmamk  bj  any  of  the  methods  which  h&vo  just  boon  de- 
L«-v  Jvoaadecvd  as  "ground-water."  Even  when  the  localitj 
»«ar  >»  a  itniain,  or,  in  fact,  in  the  very  bed  of  the  stream,  tht« 
t  eoiirferablc  measure  from  the  undergrooud  supply,  from 
rntber  than  from  tho  river  itself.  In  most  cases,  no  doubt. 
tCroin  the  river  into  the  sdjacent  deposits,  and  contnbuti>« 
I  geoprally  the  hirger  proportion  is  not  obtained  from  the 
I  of  water-supply  is  often  spoken  of  as  the  method  of 
'aad  the  water  has  been  supposed  by  some  to  be  de- 
■un  {of  lake)  by  simple  filtration  through  the  interred- 
:ieir  U  ineorreet,  and  the  experienee  gained  from  arti- 
■IddMw  that  such  a  filteriitg  bank,  if  it  really  did  the 
ii4  ft  IB  supposed  by  some  to  do,  would  soon  become  clogged  up 
r4«J^  a  triiing  amount  of  water  to  pass  through,  except  where  s 
Inmrat  prevented  the  lodging  of  sediment.  In  faet,  in  a 
r<it  phcw«  attempts  have  been  made  to  procure  a  supply  of  water 
wm^  ttistion  through  the  banks  of  a  stream,  and  the  attemptit 
Mfei  m  *B  ctacs  where  there  has  been  no  sufficient  grouod^water 


I-  tbesonree  of  a  water  which  is  obtained  from  a  collecting- 
ak  a*  baa  been  described  on  preWous  pages,  it  evidently  is  aot 
m  aB  CftSes  to  call  upon  the  neighboring  river  or  pond,  because. 
t  akiMdhr  ae«n,  there  are  some  gftthering-wells  which  are  near  nti 
«^M€W  awl  which  still  furnish  an  Abundant  supply.  The  well  in 
rPaik.  Brooklyn,  N.  V.,  is  nearly  two  miles  from  tide-water,  and 
I  ofvaMr  m  the  well  is  considerably  above  tide.  Here  the  250.000 
iMib  acs  daily  pumped  are  evidently  not  filtered  sea-water,  but 
lae  v4isb  woald  otherwise  find  its  way  into  the  sea  or  into  stratit 
•  ife  aah -water. 

•  a  tolerably  pen-ious  and  homogeneous  deposit  exists  in 
of  any  river  or  pond,  it  is  quite  certain  that  there  will 
■which  is  moving  more  or  less  slowly  and  regularly  to- 
i  bo4]r  of  water.  If  a  well  be  opened  into  this  deposit,  it 
iM«M»  to  intercopt  and  remove  a  certain  quantity  of  water  daily 
^M^waay  water  from  the  river'  into  the  ground.  Tlio  taking 
l^l^voaM  affect  the  level  of  thegrourul-water  to  a  greater  or  less 
«  aJfe««4y  abown  by  Figs.  U,  7,  and  10,  the  distance  depending 
•  — mrr  of  the  water-bearing  stratum,  and  the  abundance,  or 
W'VvlMdl  rat«  of  motion,  of  the  ground<wat«r. 

^  are  taken  from  Salbach's  Reports  of  the  Dresden  Water- 


t^mk  te  V^ks^K  ^  *'  collecting-wells  ccnr  the  banlca  of  a  «(nam  or  rirer," 

:  <kMftwrtMA  ibal  lbs  term  "  well "  iibiUl  inclnde  &lao  open  oroorsred  galtoties 

.  mM  <iM  ^  tra  "stream"  or  "  river"  Hbalt  also  tnolude  "poods"  or 

1(1^  viMalM  foteia  an  the  same  In  all  of  theao  oaaeiL 
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Works.  Tho  cxf>eriinents  on  which  they  are  based  were  carefully  con 
ftucti-d  ill  tlie  alluvihl  dopoHtt  on  thn  t>arikK  of  the  Klbi",  fn^n  which  th*; 
wttliT  has  been  taken  for  the  supply  fif  the  city.  It  was  t'ouiuJ  that  when 
the  water  in  an  expenjncntal  well  was,  by  puiirping,  kept  constantly  2.'i 
metres  below  its  normal  level,  the  height  of  the  grouml-water  waa  alTocted 
in  every  direction  for  a  distance  of  60  nietrca  (about  200  feet),  and  that 
che  curve  which  the  Invel  of  thi'  ground-water  assumed  was  thu  same  as 
represented  in  Fig.  (1,  (If  the  figure  is  to  apply  to  this  particular  ca-te, 
the  vertical  scale  is  to  (ho  horizontal  as  ten  to  one,  and  the  diameter  of  the 
circle  is  120  metres.)  Beyond  this  point  the  effect  waa  inappreciable.  In 
this  cmse  the  gravel  was  extremely  porous  and  the  well  was  very  near  the 
l>ank  of  the  river.  The  amount  of  water  necesaarily  pumpe<l,  in  order 
to  keep  the  level  at  the  point  indicated,  was  l.aG  cubic  metres  jwr  minute 
(about  600,000  United  States  gallons  jwr  day).  More  rooent  experiments 
have  confirmed  the  earlier  views  as  to  the  sourt^e  of  the  main  portt<m  of 
the  water.' 

In  applying  the  principles  of  Figs.  G  and  7  to  the  case  of  a  well  situ- 
ated near  a  stream,  if  the  river-bank  were  perfectly  water-tight,  the  "cir- 
cle of  influence  "  would  become  a  -semicircle,  or  at  least,  a  segment  of  less 
than  a  whole  circle;  otherwise  things  would  be  as  before.'  The  bank  is 
not,  however,  a»  a  rule,  even  practically  water-tight;  but  in  the  natural 
condition  there  is,  as  we  hare  seen,  a  oontinual  [tasaage  of  the  groand- 
water  into  the  atrcam,  cxwpt  in  ease  of  sudden  llood.  Ni>  doubt,  how- 
ever, other  things  being  equal,  the  passage  of  water  fnun  the  ground  into 
the  river  is  much  more  easy  limn  its  pjinsage  fnuii  the  river  into  tJie 
^ound;  for  the  particles  of  sdt  deposited  on  the  beil  of  the  river  choke 
the  passages  between  the  grains  of  sand  and  gravel,  and  boeome,  as  it\ 
wflre,  wedged  in.  Pressur*?  from  the  outside  tends  to  make  the  mass  mofo\ 
cftnipact  and  less  pervious;  but,  if  pressun!  bo  applied  from  the  inside,  the 
particles  of  silt  are  forced  out  or  lifted  as  valves  from  their  scats. 

'Hie  main  reasons  for  believing  that  the  water  obtained  by  the  method) 
of  "natural  filtration  "  is  better  designated  as  "  ground -water  "  are  three/ 
in  number.  In  the  fir^t  place,  the  general  facts  with  reference  to  th« 
ground-water  which  have  just  been  stated*  as  well  as  those  mentioned  ou 
page  339,  lead  to  this  conclusion;  in  the  second  place,  the  temperature  a^ 
the  water  in  the  well  or  gallerj'  differs  from  that  in  the  river,  being  higher 
in  winter  and  lower  in  summer,  and  varying  within  narrow  litnits  unless  the 
water  is  received  in  an  open  basin  and  exposed  in  a  comparatively  shallow 
>urface  to  the  atmosphere;  in  the  third  place,  the  water  in  the  well  gen- 
erally diffeni  in  a  marked  degree  in  the  character  or  amount  of  the  dis- 
solved Bobstancos. 


'  8»e  the  Jsbreabericht  der  ohem.  CeatralsleUe  in  Dresdea.  vi  a.  vit.,  1878.  p.  di. 

*  If  the  level  of  the  water  in  the  well  vrer«  kept  b«l(><«'  the  bottom  of  the  river,  the 
eirole  of  iofincDoe  mig-ht  then  be  completed  on  the  other  sido  of  the  Btream  :  if  by  lo 
dalug  the  iendoDcjr  was  to  lower  the  level  of  the  ^roand-watur.  and  leave  a  vncaoaa 
■|MOa  nnder  the  bed  of  tbe  river,  the  river-water  would  work  itA  way  down  to  fill  the 
gajm,  and  in  that  vray  water  would  he  obtained  from  the  stream 
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In  n*ap(.*t!t  to  tlto  temperature  it  will  be  sufEcient  to  give  a  single  ex 
ample :    Walrliani,  Mass.,  takes  its  water-supply  from  an  open  bft»in  near 
llie  Charles  river.     The  basin  is  shallow,  with  a  sandy  liotiuiii,  and  exjiosed 
freely  to  the  6un  and  wind.     During  four  days  in  Augnst,  1870,  the  aver- 
age temperature  of  the  water  in  the  river  was  74*  Fahr.,  and  the  water 
pumped  from  the  basin  averaged  03.8°  Fahr.     In  February,  1877,  when  | 
(he  river  was  frozen,  the  tem|>erHture  in  the  basin  was  48**  Fahr.     Thoj 
bank  ia  here  only  ubout  100  feet  wide.     That  the  water  in  the  basin  would  j 
approach  tlmt  in  the  river  in  temperature  if  the  water  won?  drawn  contin- 
tiouxly  tlirougli  the  gravel,  wo  do  not  only  believe  un  theoretical  grounds  I 
but  know  from  experience.     The  city  of  Toulouse,  in  France,  is  supplied  I 
by  a  number  of  filtering-galleries  in  a  gravpl-deposit  ou  the  banks  of  the  f 
Uaronnc.     The  original  gallery  was  built  in  iJ<'i~,  at  a  distance  of  abouci 
GO  meters  (200  feet)  from  the  river.     This  furnished  water  acceptable  in] 
quality,  but  deficient  in  quantity;  an  increase  of  the  length  of  the  gallcr^'l 
failed  to  furnish  a  corresponding  increase  in  quantity  of  wAter  obtAined.  \ 
A  second  filtering-gallery*,  or  rather  series  of  conne<-ted  wells,  was  oon- 
structnd  nearer  to  the  river,  at  a  distance,  in  fact,  of  only  10  metres.     In 
this  case  the  water  obtained  manifestly  did  oome,  in  part  at  any  rate, 
from  the  river;  the  water  was  somewhat  turbid,  and,  what  is  very  instruc- 
tive, the  passage  through  a  bank  of  thirty  feet,  and  aibnixture  of  course 
with  some  ground-water,  failed  to  bring  the  water  to  anything  like  the 
xmiform  temperature  of  the  other  galleries.     The  temperature  fell  in  win- 
ter to  3°  C.  (SC"  Fahr.),  and  in  summer  rose  above  ril**  C.  (70"  Fahr.).* 
This  gallfry  was  therefore  sbandoned,  and  others  constnicted  at  a  greater 
distance  from  tlie  stream.     These  furnish  water  which  is  satisfactory,  ex- 
cept when,  itt  time  of  Hood,  the  river  covers  the  whole  territory  in  which 
the  galleries  are  built. 

It  must  not  be  understood  from  the  foregoing  that  the  river  m  no 
case  contributes  to  the  supply  of  water  obtained,  for  it  often  does  and  to 
a  considerable  extent.  In  such  cases  river-water  may  pass  into  the  ground- 
water stratum  for  some  distance  along  its  banks,  and  thus  make  up  the 
deficiency  caused  by  pumping ;  often,  however,  the  river  may  affect  the 
level  of  the  ground-water  by  virtue  of  its  hydrostatic  pressure,  without 
actually  mingling  its  waters  with  those  of  the  well. 

As  a  further  illustration  of  the  matter  under  discussion,  we  may  con- 
sider w^ells  whit'h  are  near  salt  water.  Sometimes,  as  we  kuuw,  springs 
of  fresh  water  issue  from  the  sand  even  below  low-water  mark,  and  often 
wells  of  soft  water  are  dug  close  to  the  water's  edge.  Even  when  there 
is  no  higher  ground  behind,  the  mere  effect  of  the  rain  which  falls  upon 
the  sand  is  to  create  a  deposit  of  fresh  water  which  crowds  out  or  piv- 
vents  the  entrance  of  salt  water.  Darwin,  in  the  voyage  of  the  *'  Beagle," 
found  this  to  be  the  case  in  low  coral  islands  of  the  Pacific,  close  to  th* 
sea  ;  and  Amsterdam,  the  Hague  and  I.eyden  in  Holland,  obtain  their 
water  from  collecting-canals  in  tlie  sand-dunes  which  form  an  almost  bar* 
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ron  rtrip  of  coimtry  from  2  to  5  kilometres  vritle,  anil  Imving  only  a  fow 
elevations  of  surface.  WelU,  near  lliu  salt  water,  often  rise  arui  fall,  allow- 
ing the  influence  of  the  tidv,  but  the  water  retiiainB  fresh.  This  is  easily 
vxpUinedj  and  may  perhaps  he  made  clear  by  the  dia^am^  Fig.  14. 


yu..  II. 


Let  A  be  the  most  remote  point  at  which  the  effect  of  the  tide  is  felt, 
and  A  £  the  level  of  the  water  in  the  (rroniid  at  hig-h  tide.  As  the  tide 
falls  BUccossivr'ly  to  /?,  (.',  />,  /C^  /^the  water  will  be  at  the  levels  indicated 
by  tlie  lines  joining  ^-1  with  these  points.  Wheu  the  tide  rises  fn)rn  7'' to 
JSi'the  water  level  rises  from  .1  /^to  -i  £'an(1  so  on.  This  diagratii  is  the 
renult  of  a  particular  experiment,  and  the  results  obtained  iii  any  omo 
would  dejwnd  ui>on  the  nature  of  the  ground  and  the  volume  of  the 
ground-water.  Tlie  general  character  ttt  the  surface  of  the  curves  A  li, 
A  C,  etc,  would  Iw  essentially  tlto  same  wherever  tbere  is  any  considerable 
DMivement  of  the  ground-water.  Under  t-crfain  circumstances,  enpecially 
if  the  ground-water  supply  be  ver^'  small,  there  is  a  strip  of  ground  into 
which  the  salt  water  linils  its  way  at  high  tide  and  from  which  it  drains 
at  low  tide.  WVllg  sunk  into  this  utrip  give  only  brackish  water,  and  by 
pumping  a  targe  amount  of  water  from  a  well  near  the  shore,  it  is  possible 
to  cause  the  infiltration  of  .salt  water  to  a  distance  to  which,  under  normal 
cuitditions,  it  wnuld  not  penetrate. 


ChnracUr  of  the  Ground-  WtiCer. 

In  New  England  generally,  and  in  some  other  parts  of  the  United 

States,  the  ground-water,  when  sufficiently  abundant,  is  of  good  quality; 

but  in  limestone  regions  it  ie  often  so  hard  as  tu  be  unsuited  for  use,  and 

tines  the  presence  of  streaks  or  beds  of  clay  makes  it  impossible  to 

.in  clear  water.  Other  substances  which  are  present  in  the  gmund 
may  render  the  water  inferior,  so  that,  as  a  rule,  it  is  necessary  to  submit 
it  to  chemical  examination.  Wherever  experiment  8ho\<8  that  this  method 
can  furnish  a  ^upply  of  water  suitable  in  respect  to  (quality  and  cj^uantity, 
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it  ifi  to  be  recommended  in  preference  to  artifieial  filtration.  The  wat«a'j 
in  the  coil*Hcting-wnII  in  usually  quite  free  from  organic  matter,  and  gen^r* 
jilly  contains  a  larger  amount  of  mineral  substances  than  the  river-water. 
'Hiis  difference  almost  always  makes  itself  known  by  difference  in  *'  hard- 
ness "  when  the  Hater  in  employed  in  steam-boilers  or  usqd  for  washing. 
To  ahow  this  difTorence  between  the  river-water  and  the  neighboring  | 
ground-water,  a  few  examples,  selected  from  many»  will  uufEce.  Bel- 
grand'  gives  the  following  figures  with  reference  to  certain  French  locslt- 

tiw: 

HardaeM  ia 
degTMs 

Water  of  Rhone,  at  Lyons IC 

Water  of  filtering-giillory  at  Lyons 17.94 

Water  of  T^ire,  at  Nevors., ..,,,     4.90 

Water  of  collecting- well 30.70 

Water  of  Loire,  at  Blois... 7.76 

Water  of  the  gallery  (which  is  beneath  the  bed  of  the  river).   14.45 

Sharpies  has  found  *  that  the  water  in  the  filter-galler)'  near    Littls  ' 
Pond,  Cambridge,  Mass.,  contains  nearly  twice  as  much  lime  as  that  of 
the  pond,  and  instances  might  be  multiplied  indefinitely.     In  the  case  of  j 
the   Dresden   water-supply,  before  alluded  to,  the   river-water  is  harder' 
than  that  obtained  from  the  colleoting-wells.' 

In  general,  it  may  be  said  that  it  is  practicable  to  procure  a  supply  j 
by  the  method  of  "  natural  filtration"  only  in  localities  where  the  ground- 
water is  of  good  quality,  free  from  possibility  of  pollution,  and  of  suffi- 
cient depth  and  extent.     Although  there  is  less  liability  to  pollution  than, 
in  the  case  of  stnul]  ttlmltuw  welU  ounk  near  dwellings,  slaughter-houses^  j 
factories,  or  HtablieH,  it  must  be  remembered  that  the  ground-water  is  fedj 
by  the  percolation  into  it  of  the  atmospheric  water,  and  that  it  is  poasiblt 
to  pollute  even  a  large  body  of  water.     This  fact  should  be  tak^t  into 
account  in  choosing  a  locality  for  the  collecting- wells. 

There  is  great  dattger  of  overestimating  the  amount  of  water  which 
can  be  permanently  obtained  from  a  chosen  source  of  supply,  unleas  the 
preliminary  examinations  are  carefully  conducted  by  persons  who  are  fully 
conversant  with  such  matters.  It  is  always  important  to  obtain  informa- 
tion as  to  whether  the*  supply  must  be  drawn  maiidy  from  the  rainfallJ 
over  the  region  drained  by  the  gathering  well,  or  whether  there  is  sufifi- 
tiient  movement  to  the  underground -water  to  practically  increase  thia  area. 
Where  the  level  of  the  well  is  not  below  that  of  neighboring  ponds  or 
streams,  it  is  generally  the  rainfall  alone  over  the  draioagc  area  of  the 
well  which  famishes  the  supply.     This  admits  of  being  oaloulated  with 

'  La  Seine,  etc.,  p.  463  ct  seq. 

■  TwelftU  Annual  Report  of  tho  Cambridge  Wmt«r  Board,  for  tbft  y«at  1876^  Bo*-  ^ 
ton,  1877,  p.  30. 

'Satbaoh  :  Das  Waaserwerk  der  BtaUt  Dreodea,  3  Tbeil.  p.  7. 
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some  degree  of  accuracy,  if  the  general  character  uf  the  land  ie  known. 
Sometimes  higher  land,  even  at  a  consiclerablo  distanec,  mny  cause  the- 
yield  to  be  greater  than  calculation  would  ascribe  to  the  apparent  drainage 
area.  As  a  rule,  the  amount  obtained  from  any  such  well  18  grcator  at 
first,  as  it  requires  time  to  drain  out  the  water  naturally  occupying  the  ter- 
ritory which  hereafter  is  to  flow  into  the  well,  and  in  Home  cases  it  may  bo 
yearv  before  the  well  falls  to  what  may  be  considered  its  normal  delivery. 

On  Ikep^ieated  Waler  a«  a  Source  of  Supply. 

Under  this  head  we  shall  include,  with  natural  springs  and  artesian 
welts,  all  wells  which  do  not  draw  their  supply  from  the  ground-water 
proper,  with  the  exception  of  such  shallow  wells  as  have  been  already  con- 
sidered. 

Driwn  toells. — In  many  localities,  a  shallow  well  dug  into  the  ground 
re&chos  the  ground-water  at  no  great  depth,  and  if  the  well  be  carried  to 
the  bottom  of  the  water-bearing  stratum,  an  imperviuus  bed  of  clay  is 
reached,  beneath  which  a  second  bed  of  gravel  may  he  found,  also  water- 
bearing. This  second  supply  of  water  may  be  of  very  different  character 
from  the  ground-water  proper,  and  under  ordinary  circumstances  is  Ihss. 
liable  to  pollution.  A  very  common  method  of  obtaining  water  from  surh 
a  source,  and  one  that  is  employed  also  in  some  cases  in  utilizing  tlic 
ground-water  itself,  is  that  of  "  driven  wells,"  "  tube-wells,"  or,  as  they 
are  sometimes  called  abroad,  "  American  "  or  "  Abyssinian  "  wells.  Thcsj* 
wells  are  made  by  forcing  wrought-iron  (or  galvanized  iron)  tubes,  such  as 
are  used  for  gas-  or  water-pipes,  into  the  stratum  from  which  the  water  is  to 
be  taken  (see  Fig.  15).  The  pipe  is  generally  from  l^  to  2  inches  in  diame- 
ter and  is  furnishod  at  its  lower  end  with  a  wrought-iron  or  steel  point; 
above  this  point  the  pip«  is  perforated  for  some  distance  with  holes  to 
admit  the  water.  The  pipes  are  usually  driven  with  a  mallet  (sometimes 
by  means  of  a  falling  weight),  and  when  the  top  of  one  tube  has  come  to 
ifB  at  the  surface  of  the  ground,  a  second  length  is  attached  to  it  with  a 
^#(nnmon  coupling  and  the  driving  is  continued  until  water  is  reached. 
In  order  for  such  a  well  to  be  successful  the  deposit  into  which  it  is  sunk 
mast  be  quite  porous,  so  as  to  allow  a  free  passage  to  the  water;  this  in 
upecially  the  case  where  the  wator  is  required  in  considerable  quantities 
for  manufacturing  purposes  or  for  town-supply. 

Fig.  16  represents  the  method  for  town-supply  adopted  in  Sycamore, 
Illinois.  Here  a  well,  lined  with  masonry,  is  excavated  to  the  hard-pan, 
and  through  this  hard-pan  tubes  are  driven  into  the  water-bearing  stratum 
beneath,  which  is  some  seventy  feel  from  the  surface.'  In  other  places 
the  water  is  taken  in  part  from  the  ground-water  by  a  coUccting-well,  and 
in  part  from  lower  strata  by  tubes  driven  into  the  bottom  uf  the  well. 
This  is  the  case  at  Attleborough,  Mass. 

Aftnian  toells. — An  artesian  w«ll  is  a  well  which  is  sunk  or  bored 


'  See  Sdentlfic  American  Sapptemeut,  Vo.  37.  July  1, 1676. 


i^ 


35  ivH  deep,  would  hardly  be  called  an  artesian  well,  even  if  the  tuln* 
passed  throujrh  an  impervious  stratum  of  dm/.  The  jjeneral  prinoiplu  of 
the  artesian  wolls  is  illiistratei^l  by  the  diagram,  Fiff.  17. 

The  strata  A  15  and  CD  art!  both  iiniwrmeable  to  water,  while  K  K  ia 
permeable.  The  water  which  falls  upon  the  "outcrop"  of  the  pervious 
stratum  KK  tends  to  sink  to  the  lowest  portion  of  the  stratum,  and 
gradually  to  saturate  with  water  the  entire  deposit     The  water  at  the 
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lowest  part  of  the  basin  is  under  a  very  considerable  hydrostatic  pressure, 
and  when  an  opening  is  made  through  the  auperincurabeot  strata,  by  bor- 
ing or  otherwUc,  the  water  rises  in  tlie  opening,  and,  in  tnnny  cases,  over- 
flows. The  height  to  which  the  water  will  rise  depends  upon  the  height 
of  thfl    iiue  of  saturation  at   the  water-bearing  stratum,  at   least   in   a 


:^ 


>;i 


fciS^- 


^^ 


^/-•-^: 


l-'iG.  17.— Priadpla  of  ortMiai)  weUa 

measure;  owing  to  friction,  to  the  resistance  of  the  air,  and  sometimes  to 
leakage  into  the  upper  strata,  the  water  will  nover  rise  to  the  height  of  its 
source. 

It  is  not  necessary  that  the  permeable  stratum  in  which  the  water  is 
found  should  bo  of  the  nature  of  gravel;  many  wells  draw  their  supply 
from  rock  strata.  In  the  first  place,  all  rock  deposits  are  more  or  leas 
fissured  and  seamed,  thus  afTording  passage  for  water,  and,  in  some  rocks, 
specially  of  limestone,  the  solvent  and  erosive  ar^tion  of  the  water  wearst 
hanneU  and  reservoirs.  It  is  well  known  that  limestone  rcgious  abound 
111  cavca  and  often  in  underground  streams.  Independently  of  searas  and 
fiasures,  however,  large  quantities  of  water  may  be  stored  in  rock  deposits 
by  virtue  of  the  porosity  of  the  nieks  themselves.  Some  rocks  are  so 
compact  that  thoy  can  absorb  but  little,  while  others  may  take  into  their 
porea  as  much  a^  one-third  of  their  own  bulk  of  water.  This  porosit}' 
U  pOMoased  not  only  by  sandstones,  but  also  by  limestones,  dolomites,  and 
even  by  some  varieties  of  shales  and  uther  argillaceous  rocks.' 

The  source  of  the  water  obtained  is  not  always  traceable  directly  to 
the  rain  and  snow  which  fall  upnn  the  surfaee  of  the  ground.  In  some 
instances  the  formation  is  charged  with  water,  which  for  ages  has  been 
cou&ned  in  the  stratum,  the  remainder  of  ancient  seas  ur  lakes.  When  an 
opening  is  made  into  such  a  deposit,  the  water  is  forced  out,  owing  to  the 
pressure  uf  the  water  accumulated  tn  other  parts  of  the  same  stratum,  or 
in  communicating  strata,  but  it  may  take  a  very  long  lime  to  exhaust  the 
wibtemmean  reaorvoir.     la  some  cases,  near  the  sea,  there  may  be  commu* 


'  Poranomber  of  experimonta  on  the  pnrositr  of  rockii,  bv  T  Rtnrry  Hunt,  xeR  Re- 
port of  tbe  Oeologioal  Stirvoy  of  Canada.  l808-'<Ht.  pp.  £81-383,  or  UuDt'a  Chemical 
anil  Geolofical  Ettays,  8aleta,  1878,  pp.  1U4-KI7. 
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iiicatioii  w'ttli  the  tnMiaii,  which  ma^-thtis  pruduco  the  hydrostAtiu  pressure, 
but  which  may  not  eontributo  by  lU  waters  iiiroi*tly,  ur  at  least  nut  for  h 
long  time  aft«r  the  well  is  openetL  S«jnic  deep  wells  near  the  sea  gradu- 
ally  become  more  brackish,  probably  from  the  fact  that  the  purer  water 
which  originally  filled  the  jxires  of  the  rtxiks,  and  perhaps  subterrancau 
reservoirs,  ifl  gradually  exhausted,  and  other  water — in  this  case  sea  water 
— ooinea  in  to  replace  it.  • 

Of  courao  there  iti  very  much  with  reference  to  the  history  and  con- 
struotion  of  arteuian  wells  which  is  of  interest,  but  which  in  not  pertinciir 
to  the  work  now  in  hand.  .\s  sources  of  water-supply,  no  single  geneml 
statement  can  be  made  with  reference  to  the  availability  of  artesian  wellK, 
because  theru  are  many  ciroumstanoos  which  have  a  bearing  on  the  char* 
ueter  of  the  water. 

One  feature,  whii^h  \h  common  to  moat  of  the  deeper  wella,  is  that  of  the 
elevated  temperature  of  the  water.  Jt  la  well  known  that  the  tempera' 
ture  of  the  earth  increases  somewhat  regularly  from  the  surface,  and  the 
effect  of  this  is  felt  upon  the  waters  which  are  obtained  at  oonaiditrabli* 
(leptliH.  The  temperature  of  the  water  which  Hows  from  the  widely- 
known  well  at  GrencUe,  Paris,  which  in  about  1,800  feet  deep,  has  a 
temperature  of  37*  C.  (80.(i*  Fahr.}.  The  water  of  an  artesian  well  in 
I^ouiHville,  Kentucky,  which  is  2,08G  feet  deep,  has  a  ti-mpemture  of  7^.5" 
Fahr.'  There  are,  however,  some  wells  which  seem  to  fibrin  an  exception  t^ 
this  rule,  and  diffen*nt  wells  do  not  show  the  name  rate  of  increase  tii 
temperature  from  the  surface  downward.  Of  coyrso  a  water  with  a 
temperature  of  80**  Fahr.,  while  ailmirably  suited  for  aonie  purpoNca,  is 
not  fit  to  drink  unless  artiHoially  cooled. 

There  is  another  difliculty  in  the  way  of  the  ase  of  artesian  vctAls.  for 
domestic  supply — namely,  the  large  amount  of  dissolved  mineral  matter 
which  the  water  from  such  wells  is  likely  to  contain.  As  almost  all  rucks 
are  more  or  less  soluble,  we  should  expect  that  water  which  had  traversed 
so  great  a  distance  utider  ground  would  be  highly  charged  with  mineral 
matter.  Of  course  the  clisranter  and  amount  of  the  dissolved  suhslant^H 
depend  upon  the  nature  of  the  strata  jwssed  through.  Somr<ttniea  the 
water  is  absolutely  unfit  for  domestic  use,  altliuugh  it  mav  answer  for  ex- 
tirigiiisliing  fires  and  watering  streets  or  for  irrigation.  In  other  instaneees 
the  only  dilTiculty  may  he  that  the  water  is  too  hanl;  if  otherwisit  suitahh-. 
Huuh  water  may,  in  some  cases,  be  tioftcncd  by  a  process  which  will  be  dc- 
wribed  later.     (See  page  284.) 

Artesian  wells  are  common  the  world  over.  \t\  Kgypl  and  in  (^hina 
there  arc  such  wells  of  unknown  antiquity,  and  during  the  last  fifty  yeant 
great  numbers  have  been  sunk  in  Kuropi^  and  in  .America.  Of  theso  the 
larger  number  have  been  sunk  by  private  parties  in  order  to  obtain  water 
for  manufacturing  or  other  purposes.  The  wells  differ  greatly  in  depth 
and  in  character  of  the  water.  In  some  cases  the  water  is  so  stronglv 
charged  witli  common  suit  that  it  can  be  treated  as  brine;  iti  other  euws 
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the  water  contains  a  variety  of  salts,  and  is  used  as  mineral  water,  while 
in  still  other  cases  a  soft  water  fit  for  all  domestic  purposes  is  obtained. 
Tiie  following  table  iucludes  facts  with  reference  to  a  few  of  these  wells: 


t>0C4UTV. 


^    S^'" 


nat4- 


Bizkexibead,  Eng 587 

Binniiif  ham,  Sag. ,  |  800 

"            (another  welb ,  400 

Bradford,  Eug i  300 

Brigbtoo.  £ug 1,385 

LiTeqKwl  (Bootle  Well) I  818 

Londoa  (Albert  BaU) I  401 

'"      [Trafalgar  Square) 383 

GnoeDe,  Paria 1,806  * 


PaM^,  Park. 


,  1,014' 


Botum.  Maaa* 1,730 

Chicago.  lU '    700 

LouiaviUe.   K7.  (Dupont'a  Well »*  2,080 

m.  iotits.  Mo.*. 3,100 

(Aiylam  Well)". .  8,843.5, 


10.3 

10.8 

13.8 

10.4 


B7 
38 


Toul 

<UMOlV«d 

Mlidk. 


AntbnKr* 


RiverB  Potlatioa 
Conuniosiou. ' 


l-t  3  Peligi*,  1867.* 
14  1  I  i  Pogi^aadLam- 
^^■Ml    bert.  18CS.' 
1,878.7  J.  M.  Merriok/ 

(?)' 

1,570.     J.  Luwrencc  Smith.' 

879.1  A.  UtuiD,  U.D.> 
O.  G.  Bioftdhead.':    . 


Several  of  the  wells  alluded  to  in  the  foregoing'  table  are  used  for 
town-supply,  such  as  the  iSootle  Well,  Liverpool,  and  the  well  at  GroncUc. 
«)ne  portion  of  the  city  of  London  is  supplied  hy  the  Kent  Waterworks 
Co.,  wliich  funiisbes  upwards  of  9,000,000  gallons  daily,  taken  from  Wells 
in  the  chalk,  in  the  neighborhood  of  the  city.  The  water  is  quite  hard, 
and   hence  ill  suited  for  use  iu  washing',  but  is  clear  and  colorless  and 

'  Sixth  Report  of  the  Riven  PollDtion  Oomtmasion. 

'  AathoritiestllJXer  an  to  the  depth  tif  thei«e  wbIIh.  SpoD  (Practice  of  Rinking  and 
Boriog  W«11b)  girea  sectioiut,  and  tttates  the  depth  of  the  well  at  Orenelle  as  1,806'  10 ', 
and  of  the  weU  at  Pom?  ait  I.l)3»  H  . 

*  Ferreira  :  Hydrologit  pciMlrale.  Paris.  1807,  p.  126. 

*  The  Boaton  well  in  iu  the  property  of  tho  gas-works,  and  is  used  oul;  to  quench 
the  ooke  taken  from  the  giwi-retorts. 

*  Prooeedhigs  Boston  Soc.  X.u.  Hint,  XVIT.,  p.  480. 

*  Tbb  well  di)tobacg<«  SSO.OlK)  gallons  of  water  in  34  hoDrs,  and  thrown  It  to  a  height 
of  170  feet.  The  temperatare  of  the  (lowing  water  is  76.5"  Fahr.  ;  the  temfiemture 
at  the  bottom  of  the  well  is  83.5'  Fahr.  Th«  probable  outcrop  of  the  water-bearing 
■tratam  is  at  a  distaoce  of  75  miles  and  at  an  elcTation  of  500  feet  abore  the  mouth 
of  the  well. 

'  Am.  Jottm.  Bd,  (S]  LXXVI.,  p.  174. 

*  This  well,  sunk  at  the  Aa^ar-refinery  of  Belcher  and  Brothers,  at  a  cost  of  $IO,000, 
famiahes  about  75  ^Iouk  a  minute  of  water  highly  charged  with  salts,  and  emitting  a 
atraoff  odor  of  solpburettod  hydrogen — utterly  uselees  for  tho  purpose  of  the  reftneiy 
or  for  domeitlo  supply. 

■Tkans.  8t.  Louia  Acad.  Soi.,  I.,  p.  80. 

**  Thb  well  was  not  a  suooeas.  The  water  was  not  fit  for  use,  and  did  not  rise  to 
the  top  of  the  welL 

"  Trans.  St.  Loais  Acad.  Sd.,  til.,  p.  SlO. 
Vol.  I.— IV 
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wholosomo.  There  would  bo  no  difficulty  in  softening  the  water;  in  fact, 
a  portion  of  the  supply,  when  some  of  the  wells  were  in  the  hands  of 
another  comjmny,  was  -softened  by  Clark's  process  (p.  284)  to  the  extent 
of  1,000,000  gallons  (English)  per  day. 

The  last  royal  commission  which  has  had  to  do  w^ith  water-supply — 
namely,  the  Hivers  Pollution  Conunisston — speaks  strongly  in  favor  of 
abandoning  the  Thames  and  ot Iter  rivers  altogether,  and  thinks  it  feasible 
to  obtain  the  entire  supply  for  the  metropolis  from  deep  wells  within  a 
thirty-mile  cirolo.  That  this  could  be  done  without  decreasing  the  vol- 
ume of  the  existing  streams,  which  arc  in  part  supplied  by  springs  from 
the  same  formation,  they  tlo  not  protend;  but  they  assert  that  the  water 
thus  obtained  would  certainly  be  wholesome;  while  the  river  water  is,  to 
say  the  least,  undesirable  as  a  beverage. 

J^iiihilitij  of  pollution. — Provided  the  well  be  protected  from  surfare 
water,  the  liability  to  pollution  is  comparatively  small.  Generally  thv 
outtTop  of  the  water-bearing  stratum  is  at  some  distance  from  the  jwint 
at  which  the  boring  is  made  ;   it  may  be  several  hundred  miles.     Fig.  IS 


Fio   lS.~Ooolngical  ftcction  of  the  P«rin  Uaun. 


reprewnts  t  host  nit  a  which  form  or  underlie  the  Paris  basin  in  which  numer- 
ous artcsiiin  Wflls  iutve  b«M>n  sunk.  The  horizontal  scale  is  about  80  miles 
to  tilt'  inch,  and  the  vcrticiil  scale  1^,000  feet  to  the  inch.  The  wells  are  sunk 
into  the  lower  greensand;  and  any  impurities  which  enter  the  stratum  at 
its  outcrop — say  iit  N'crtlun — have  to  travel  underground  nearly  200 
mill's  bi'fon-  rt^aching' Paris. 

The  water  of  ilccp  wi-lU  does  not,  however,  always  have  circumstances 
BO  nmch  in  its  favor.  If  tlie  wl-11  draws  itssupply,  as  many  deep  wells  do, 
from  w  hut  \a  an  underground  liowing  stream,  the  liability  of  contamination 
is  i:i(-ri'iis<'d.  That  such  uudergroutid  streams  do  exist  is  evident  from 
various  facts.  The  total  disappearance  of  some  good-sized  rivers  into 
clefts  of  tlie  rock,  the  emergence  of  full-grown  streams  in  other  localities, 
and  thi.'  iK'currt'm'e  of  flowing  water  in  the  larger  caves,  all  show  the  same 
thing.     Further  evidence  is  afforded   by  observations  which  have  been 
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made  on  artesian  wells.  At  Tours,  in  1830,  a  well  was  perforated  right 
through  the  clialk,  when  the  water  suddenly  brought  up,  among  other 
things,  stems  of  marsh  plants,  with  roots  and  seeds  of  the  same,  which 
were  in  such  a  state  of  preservation  that  they  could  not  have  remained 
more  than  three  or  four  months  in  tlie  water;  and  it  is  said  that  the  seeds 
when  planted  sprouted  and  grew.  It  was  supposed  that  the  water  must 
have  flowed  a  distance  of  150  miles  during  tlie  lime  that  these  objects 
were  immersed.  At  Reimke,  near  Bochum,  in  XA'estphalia,  the  water  of  an 
artesian  well  brought  up  from  a  depth  of  15C  feet  several  small  fish,  three 
or  four  inches  long,  the  nearest  streams  Iteing  sevenil  leagues  distant, 
Tlie  same  thing  has  happened  in  other  place;!,  the  tish  not  being  blind,  as 
those  which  inhabit  subterranean  caverns,  but  having  |)crfect  eyes.' 

It  will  appear  from  these  facts  that,  in  projecting  artesian  wells  for 
town-supply,  it  is  imjiortant  to  know  the  geological  character  of  the  local- 
ity where  the  boring  is  to  be  made,  and,  as  far  aa  possible,  the  source  of 
the  water.  Indeed,  without  a  knowledge  of  the  probable  character  of 
the  particular  Inoality,  sinking  a  well  is  like  invcstmg  in  a  lottery,  and 
hardly  justifiiibh'  as  a  mtmicijwl  undertaking.  It  is  true  thiit  many  wells 
are  sunk  without  the  advice  of  competent  authority,  and  some  of  them  are 
succcasful;  as  a  rule,  they  end  in  failure.  The  instance  of  the  St.  Louis, 
Mo.,  well,  mentioned  on  page  257,  where  $10,000  was  sunk  in  the  well, 
is  instructive  in  this  connection. 

Besides  the  possibility  of  direct  communication  with  surface  streams, 
there  is  danger  of  eontomiitation  from  another  source — namely,  from  the 
practice,  which  is  in  vogue  In  some  places,  of  sinking  welts,  not  aa  a  means 
of  obtaining  wati:r,  but  as  a  means  of  disposing  of  liquid  refuse  from 
manufactories,  etc.  Any  well  which  does  not  overflow  may  be  used  as 
!  -nch  an  absoHting  well  {pniti*  absorbent),  and  the  amount  which  it  will  ab- 
sorb may  be  approximately  calculated. 

Suppose  we  have  a  well  in  which  the  water  rises  just  to  the  surface  of 
the  ground,  but  does  not  overflow,  and  that  if  100  gallons  per  minute  be 
pumped  regularly,  the  water-level  is  lowered  a  distance  of  five  feet;  the 
same  well  may  be  made  to  absorb  100  gallons  per  minute  by  extending  tlie 
tubing  five  feet  above  the  normal  water  level.  When  the  natural  level  of 
the  water  is  mucli  below  the  surface  of  the  ground,  an  enormous  amount 
of  liquid  may  be  disposed  of  for  an  indefinite  time,  provided  the  refuse  bo 
not  of  such  a  nature  aa  to  clog  the  pores  of  the  absorbing  stratum  into 
which  the  liquid  finds  its  way,  or  provided  the  well  is  frequently  cleaned. 
There  is  a  well  of  this  kind  at  Bondy,  near  Paris,  which  is  74  metres  in 
depth.  Such  a  method  of  disposing  of  refuse  should  not  be  allowed,  un- 
less it  12  absolutely  certain  that  the  stratum  into  which  the  water  finds  its 
way  carries  naturally  water  which  is  totally  unfit  for  use,  and  which  will 
never  be  called  upon  for  water-supply,  and  unless,  further,  there  is  secu- 
rity tliat  the  well  does  not  pass  through  strata  which  contain  water  fit  for 


'  The  forogoiog  fnots  are  tokon  from  Lyell's  Friociplca  of  Qeology,  Hth  edition. 
Vol.  L,  PL  390. 
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use.  It  IB  well  known  that  it  is  very  difficult  to  preveut  tbe  ltr«kagc  of 
the  water  which  risee  in  artesian  welis  into  the  upper  strata,  and  this 
leakage  often  causes  a  very  considerable  diminution  of  the  amount  of 
water  which  would  otherwise  reach  the  surface. 

The  sinking'  uf  a  pump-well  and  an  absorbing- well  into  the  same 
stratum  '  is  like  using-  the  same  river  as  a  carrier  of  sewagw  and  a  source 
of  WKtcr-suppty.  The  intimate  connection  between  artesian  wells  sunk 
into  the  same  water-bearing  stratum  is  readily  pn:.ved;  for.  by  the  oi>enin{f 
of  new  wells,  there  is  often  effected  a  very  considerable  diminution  of  thp^ 
KUpply  furnished  by  the  older  wells. 

The  opening  of  the  artesian  well  at  Pa^sy  caused  a  diminution  to  the 
extent  of  '30  per  cent,  in  the  amount  of  water  flowing  from  the  well  at 
GrHtielle*  although  the  two  points  were  about  3^  kilometres  distant  from 
each  other.  In  Venice,  seventeen  wells  were  borofl  between  1S4T  and 
185G.  The  increase  in  number  of  wells  has  decreased  the  amount  supplie*!. 
Kight  of  the  wcUs  have  ceased  to  flow,  and  of  the  others,  one  which  de- 
livered formerly  247  litres  per  minute  gives  only  TG  litres,  and  the  delivury 
of  another  fias  fallen  from  'i'iO  litres  to  G?.*  It  thus  appears,  aa  we  should 
expect,  that  there  must  Iw  some  limit  to  the  yield  <»f  artesian  wells,  al- 
though thai  limit  may  not  in  all  C4tse8  be  aj>proaclied  in  practice.  Where 
a  largo  demand  is  nmtle  upon  any  underground  supply,  tlie  fact  of  such  a 
limit  becomes  evident,  either  by  tlie  smaller  yield  of  the  wells  or  by  the 
fact  that  to  obtain  the  same  amount  of  water  the  wells  arc  kept  pumpc<l 
down  to  u  lower  point.  This  has  often  been  noticod,among  other  plact's 
in  the  ehalk  of  the  London  basin.  "  In  lK:j8  the  total  supply  obtained 
from  the  chalk  near  London  was  estimated  at  C,l>00,000  gallons  a  day.  an '1 
in  ISol  at  nearly  double  that  amount,  the  increase  beii^;  accompanied  by 
an  average  fall  of  no  less  than  two  feet  a  year  in  the  level  to  which  thn 
water  rose.  The  water  stood  cominunly,  in  18*2"2,  at  Iilgh-waier  mark,  and 
had  sunk,  in  1S51,  to  furty-ftve,  and  in  some  wi^lls  to  sixty-live  feet  below 
liigh-watcr  mark.  This  fact  shows  the  limited  capacity  of  the  subter- 
ranean reservoir."'  The  water  of  artesian  wells  is  subjeet  to  variaiii^n 
from  time  to  time.  Belgrand  *  funnd  from  18ri7  to  1800  that  the  water 
of  the  well  at  Grenellc  varied  from  9*  to  12"  in  hardness,  and  that  it  was 
harder  after  a  dry  year — *,  c,  when  the  rainfall  was  less  abundant.  The 
published  analyses  of  the  water  of  the  same  well  by  Payne,  in  1841,  Bou- 
tron  and  Henry,  iti  1848,  and  Peligot,  in  1867,  show  nearly  the  aame  total 
amount  of  dissolved  matter,  but  considerable  differences  in  the  quantities 
of  the  various  components.     Some  of  the  wells  in  Liveqwol,  Kngland,  show 


'  This  u  exactly  what  U  done  continually,  aa  far  as  the  groond-watar  stiatiiia  la 
coDoemcd,  na  wn  hnve  neoo  ([x  342).  and  tbia  is  wby  ehtUlow  welU  are  unsafe. 

'  Konig :  AnlagB  uml  AnnfUhning  von  WaanerleitnngFti  u,  a.  w..  2te  Aaflac*. 
bearb.  v.  Ladwig  Poppe,  Leipng,  l!:<78,  p.  20^  Tbe  original  aathority  for  thia  alats 
zaant  is  not  at  hand. 

*  LyoU's  Geol(v7,  11th  ad.,  1873,  Vol  L,  p.  887. 

*  La  Seine,  etc.,  p.  09. 
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a  continual  increase  in  the  amount  of  dissolved  salts.     Thus  the  well  at 
Rain  ford  Square  contained,  at  different  dates,  as  follows: ' 


1807. 

1871. 

1«78. 

River  Monej. 

Total  solida 

330 

394.8 

55J.'^ 

2450.0 

Chlorides 

• .  I 

341.3 

487.7 

1,907.0 

The  quantity  of  water  pumped  hn."*  increased  of  late  years,  and  there  is 
drawn  into  the  well  a  larger  proportion  of  the  water  of  the  Mersey,  which 
is  800  yards  distant. 

With  reference  to  the  stora^^  of  deep-well  water,  it  has  been  found 
in  many  oases  that  there  \%  ^e&i  linbility  of  ve^^etable  growth  when  tlin 
water  is  expose<1  to  air  and  sunlig'ht,  so  that,  if  it  boconies  necessary  to 
store  the  water  l>efore  distribution,  covered  reservoirs  must  be  used  for 
the  purpose,  at  least  in  warm  climates. 

In  conclusion,  it  may  be  said  that  tho  chief  advantage  of  artesian  wells 
as  a  source  of  town-8up))Iy  is  in  localities  where  the  only  water  really  lit 
to  drink  is  stored  rain-water  or  water  from  some  very  limited  source.  In 
such  a  case  it  is  advisable,  if  possible,  to  procure  in  this  way  a  supply  of 
water  which  shall  answer  for  most  public  uses  and  for  many  manufacturing' 
purposes,  although  it  is  true  that  a  good  deal  of  uncertainty  always  attends 
the  sinking  of  the  first  well  which  is  bored  in  any  particular  locality. 


On  Springs  in  General. 

Every  one  knows  that  springs  differ  greatly  in  the  character  of  the 
water  which  they  bring  to  the  surface  of  the  earth.  Some  furnish  pure 
water  devoid  of  peculiar  taste,  others  furnish  water  highly  charged  with 
dissolved  mineral  substances,  so  as  to  ho  of  noticeable  and  often  of  dis- 
agreeable taste;  these  are  called  mineral  springs,  and  many  of  them  are 
held  to  be  highly  valuable  as  medicinal  agents.  In  some  springs  a  single 
ingredient  is  the  prominent  one,  as  in  brine  springs,  which  are  utilized  in 
the  production  of  common  salt:  in  others  there  are  a  varietyof  sub.stancea 
ooexisting  in  considerable  quantities.  In  some  springs  the  water  is  forced 
violently  into  the  air  by  the  gas  (generally  carbonic  acid)  with  which  the 
water  ia  charged;  others  flow  quietly  and  contain  little  or  almost  no  flis- 
«olv«*d  gases.  Some  springs  are  cold  and  some  arc  hot;  some  furnish  an 
ennmious  volume  of  watf»r,  whiln  others  are  of  small  account;  somo  are 
constant,  and  some  are  intermittent. 

With  all  this  variety  in  the  characteristics  which  appeal,  many  of  them, 
even  to  the  casual  observer,  there  is  a  groat  difference  in  the  causes  to 
which  we  owe  the  appearance  of  the  spring  at  all.  We  may  illustrate  a 
few  of  the  conditions  iindpr  whi«'li  springs  are  produced. 

Whenever  a  stratum  of  peniieable  material  is  exposed  at  a  lowci*  level 
than  that  at  which,  In  another  locality,  it  appears  at  the  surface,  springs 


*  Xmsc  Roberts.  F.O.S.:  Paper  read  before  Brittnh  Amocjation,  Dublin,  1876, 
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nro  likely  to  l>e  found.     In  thediagrant.  Fig.  19,  the  water  falling  upon  tlic 
permeable  stratum,  C  D  at  D  pa&sea  (lownwant,  and  may  issue  in  springs 


Fia  ISL 

at  C,  provided  that  A  B  is  im]K>rmeablo.  When  the  material  is  homo* 
gpncoua  and  gives  free  passage  to  water,  the  water  mar  iuur  all  along 
the  line  of  the  lowor  outcrop  without  forming  any  sprinjjs  of  groat  siie. 
In  this  way  the  ground  water,  aft  ha>i  been  already  seen,  contributes  to 
the  volume  of  rivers  and  lakes.  If,  however,  the  permeable  Rtratum  is  of 
rock  which  is  fissured,  or  if  the  water  has  formed  channels  by  erosion  or 
by  solution,  then  springs  of  large  size  may  appear  at  individual  pointa. 
The  figure  also  shows  how  a  spring  may  it<sue  at  a  point,  such  as  ?,  the 
water  passing  up  through  a.  fissure  which  lia»  been  formed  in  the  deposit 


Tio.  90. 


A,  A. — lAarcotJan  rocka. 
U.  B. — PotmlMit  Miirlntone. 
C,  C — Caloifcroaa  ■Kodrock. 


D.— Trpnton 

R— HudNdh  Aiid  (Jtica  sfaale*. 

ti.— 8aimtoga  VsUcy. 


overlying  tlie  WMter-I>t'»ring  stratum.  Again,  if  a  trap-dyke  intersect  the 
various  strata,  as  shown  by  the  dotted  lines  in  the  figuns  the  water  fall- 
ing at  D  and  accumulating  in  C  D  would  meet  an  obstacle  in  this  dyke 
Mild  the  water  would  appear  as  springs  at   S.     Not  unfreqiienlly  water 
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rises  lo  the  surface  of  tlie  ground  from  great  riopilis,  the  spritig^s  tlien  re- 
sembling artesian  wells  except  thai  the  orifice  or  fissure  through  which 
the  water  issues  is  natural  and  not  artificial.  Sometimes  tlie  appearaucu 
of  a  spring  at  the  surface  of  the  ground  is  due  to  what  geologists  term  a 
*•  fault,"  as  illustrated  by  Fig.  'iO. 

This  figure,  according  to  Professor  Chandler,  represents  the  conditions 
which  give  rise  to  the  mineral  springs  of  Saratoga,  N.  V.  Here  there  has 
been  formed  a  fissure  ulong  the  lino  of  the  valley,  and  the  strata,  which  wore 
once  continuous,  now  are  at  different  levels  on  either  side  of  the  fault. 
The  water  of  the  Potsdam  sandstone  on  the  right  oC  the  fault,  nteetlng 
the  less  per\-ioua  underlying  rook,  would  tend  to  rise  to  the  surface,  and, 
if  not  carried  off  by  the  pervious  strata  as  it  comes  in  contact  with  their 
upturned  edges,  would  appear  as  springs.  A  number  of  the  Saratoga 
springs  have  been  brought  to  the  surface  by  the  boring  of  artesian  wells 
and  tubing  them  properly  so  as  to  keep  out  the  water  coming  from  nearer 
the  surface  and  to  prevent  the  leakage  of  the  mineral  water. 


Oh  Sprmifg  <ta  a  Source  of  WuUr-sitpply, 


^Such  springs  as  do  not  rise  from  too  great  a  depth  in  the  earth's  crust 
are  of  nearly  uniform  an<t  comparatively  low  temperature,  and  in  sunnner 
are  cool  and  refreshing.  There  is  no  doubt  that,  as  sources  of  water>sup- 
ply,  springs  stand  in  the  first  rank,  although  they  are  fay  no  means  to  he 
considered  the  only  suitable  sources.  Their  advantages  are  their  uniform 
tem|)erature  and  their  comparative  immunity  from  pollution;  their  disad- 

i  vantage,  as  a  class,  is  their  liability  to  contain  an  objectionable  amount  of 
dissolved  solid  substances. 
In  Germany  there  has  been  a  great  feeling  in  favor  of  spring  water, 
iind,  at  the  iJunzIg  meeting  of  the  German  Public  Health  Association 
(1874),  a  resolution  was  |)as8cd,  after  much  discussion,  to  the  effect  that 
'*  spring  water  alone,  either  that  coming  to  the  surface  naturally,  or 
reached  by  sinking  properly  constructed  and  properly  ]}rotected  wells,  is 
the  only  admissible  source  of  water-supply."     The  next  year  this  dictum 

I  was  altered,  so  as  to  state  that  spring  water,  ground  water,  and  filtered 
river  water  may  fulfil  the  conditions  required  of  a  good  drinking-water. 
As  already  said,  spring  water  is  liable  to  contain  an  object  ion  able 
Hmount  of  mineral  matter,  but  is  usually  quite  free,  from  organic  sub- 
stanoex,  and  although  it  is  somewhat  less  liable  to  contaniination  than  the 
water  of  deep  wells,  for  purposes  of  water-supply  the  same  considerations 
are  involved  in  both  cases.  Natural  springs  often  occur  under  such  cir- 
cumstances that  the  water  may  be  delivered  by  gravitation,  which  is  of  a 
certain  advantage. 
■  One  of  the  most  recent  instances  of  the  utilization  of  spring  water  on 

the  large  scale  is  in  the  case  of  the  new  water-supply  of  Vienna,  opened 
in  the  fall  of  1873.  Hero  the  water  is  obtained  from  two  springs  which 
issue  from  the  spuns  of  the  Alpn,  one  at  a  distance  of  90  kilometres,  and 
the  other  of  abont  TO  kilometres  from  the  city.    The  waters  of  the  two  aque- 
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ducts  are  united  some  GG  kilometres  from  the  city,  and  flon-  together  for 
that  distauoe.  The  works  were  oaicuiated  for  a  maKimum  supply  of  141,- 
500  cubiu  metres  per  day,  the  average  necessary  amount  being  fixed  all 
D2,H00  cubic  metres.  Practitrally,  after  the  openiag  of  the  works,  it  wius 
found  that  the  amount  obtained  fell  short  of  the  estimates,  and  that  it 
would  be  necessary  to  extend  the  work  so  as  to  include  other  springs,  tt 
is  to  be  said  that  it  is  propo!ie<l  not  to  rely  for  all  purposes  upon  the 
spring  water,  but  for  watoring  streets,  Pushing  scwors,  etc.,  to  use  the 
water  of  the  Danube  taken  directly  from  the  river,  or  that  obtained  by 
a  process  of  "  natural  filtration." 


On  tub  Artificial  Improvehest  ok  Xaturax  Water. 

Soft  spring  water,  ground  water,  and  sometimes  deep  spring  water, 
are  suitable  for  domestic  supply,  just  as  they  are  obtained  from  the 
natural  sources.  All  other  sources  of  supply  are  liable  to  leave  somethinf^ 
to  be  ilesirctl  in  the  quality  of  the  water.  \\'hile  no  method  of  treatment 
can  afford  perfect  security  if  a  water  is  polluted  by  sewage,  there  are 
several  processes  by  which  a  natural  water  may  be  improved  and  rendered 
more  fit  for  domestic  use.     We  shall  consider: 

1.  Sedimentation  (and  aeration). 

2.  Filtration  on  the  large  and  on  the  household  scale. 

3.  Clark's  process  for  softeiting  hard  water. 

4.  Other  (ohemicol)  processes. 

Sedimentation  and  filtration. 

These  processes,  which  are  in  the  main  meolianical,  are  partioularly 
needed  in  the  case  of  water  taken  from  rutiiiing  streams;  for,  as  has 
already  been  stated,  and  is  indeed  well  known,  rivers  generally  carry 
more  or  less  of  fioating  material.  Much  of  tliis  floating  or  suspended 
matter  is  of  so  coarse  a  character  as  to  l>e  readily  intercepted  by  wire 
strainers,  or  other  such  devices;  but  a  considerable  amount  is  so  finely 
divided  as  to  require  more  elaborate  arrangements  for  its  removal.  Hi}- 
-'fore  discussing  the  matter  in  detail,  it  is  important  that  there  should 
be  in  the  mind  of  the  reader  a  clear  idea  as  to  the  use  of  certain  terms 
which  have  been  already  employed,  namely,  the  terms  *'  in  solution'*  and 
"in  suspension.^'  At  the  same  time  it  will  be  important  to  distinguish 
between  the  terms  "  clear "  and  **  colorless,"  which  are  by  no  means 
aynonymous. 

The  accurate  use  of  the  tenns  can  probably  best  be  made  plain  by 
illustration.s.  If,  for  instance,  we  put  some  common  salt  into  a  quantity 
of  water,  after  a  time  the  salt  disappears,  the  ultimate  particles  l>eing  dis- 
tributed through  the  water,  so  tlial  they  are  no  longer  distinguishable  by 
the  eye,  even  aided  by  tho  most  powerful  microscope:  the  salt  cannot  bn 
removed  by  simple  liltration;  and,  although  the  solution  is  somewhat  lewii 
mobile  than  water,  it  is  still  transparent.     This  is  a  case  of  solution.     Su]>*J 
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]>o«ie,  instead  of  the  salt,  wc  take  a  quantity  of  blue  vitriol  (sulphatf*  of 
copper).  The  phenomena  would  be  siniiUr;  but  the  blue  color  of  the 
compound  would  show  itself  in  tlie  Holutioii.  If  the  solution  were  aatti- 
rated,  I. «.,  if  the  water  had  dissolved  as  i?uich  as  it  could,  the  traiisparetKT 
of  the  liquid  would  be  diminished  on  account  of  ihe  depth  of  color:  it 
would  be  eaay,  however,  to  take  a  very  thin  layer  of  the  solution  and 
satisfy  one^s  self  of  Us  transparency.  Such  a  liquid  is  colored,  but  is  also 
clear. 

Suppose,  now,  we  take  some  clay,  shake  it  with  wator.and  then  allow 
it  to  settle.  The  grosser  particles  will  subside  to  the  bottom  of  the  vessel, 
but  the  liner  particles  will  remain  in  suspension.  Very  tinely-dividcd 
clay  will  refuse  to  settle  for  weeks,  and  sometimes  even  for  months.  In 
such  cases  the  liquid  ap{>oars  somewhat  turbid  and  opaque;  and,  although 
the  individual  particles  are  too  line  to  be  readily  removed  by  ordinary 
filter^  and  too  small  to  be  tUstin^ished  as  particles  by  the  eye,  still  the 
clay  has  not  dissolved;  and  the  very  turbidity  or  opacity  of  the  liquid 
shows  the  presence  of  solid  particles,  although  they  ure  extremely  minute. 
Such  an  appearance  is  not  to  be  described  as  *'  being  colored,"  althniigh 
fiuely-flivided  clay  and  other  material  imiy  lie  suspended  in  a  liquid  which 
does  of  itself  possess  a  distinct  color.  One  often  meets  with  the  expres- 
sion, and  that  too  in  standard  works,  **the  water  is  discolored  by  clay," 
when  really  it  la  a  question  of  a  colorless  water  carrying  particles  in 
suspension.  The  water  in  many  streams  is  at  seasons  hig^hly  colored  by 
vegetable  extractive  matter  in  solution;  white  the  water  may  at  the  eamo 
time  be  perfectly  clear  and  transparent.  On  the  other  bund,  our  pond 
waters  are  often  decidedly  green;  but  simple  filtration  gives  o  colorless 
water,  and  shows  the  green  color  to  havo  been  duo  to  particles  of  green 
(v^etable)  matter  which  were  suspendeil  in  tlie  liquid. 

Sedimentation. — >{uch  of  the  matter  which  a  niiining  stream  bears 
along  in  suspension  is  of  higher  specific  gravity  than  the  water  itself; 
and  if  the  water  is  alloweil  to  stand  quietly  in  basins  or  re&ervoirs,  the 
greater  portion  of  the  suspended  particles  will  subside.  Many  lakes 
illustrate  this  fact;  the  stream  which  enters  at  the  bead  of  a  lake  may 
be  very  turbid,  while  the  outlet  of  the  lake  is  bright  and  clear.  The 
Homaiu,  in  their  water-works,  recognized  the  advantage  of  subsidence. 
Precautions  were  taken  in  nmny  cases  at  the  sources  themselves  to  insure, 
aa  far  aa  possible,  free<lom  from  turbidity;  and  there  were  constructed  at 
intervals  in  the  aqueducts  what  were  called  pisciua*  HiuaHof.  Fig.  21 
represents  one  of  these  2)i8ci»(E,  through  which  the  water  of  the  Anio 
Nevus  passed  at  its  entrance  into  Rome.  The  direction  of  the  water  is 
shown  by  the  arrows.  The  channel  of  the  aqueduct  coming  at  a  toler- 
ably high  level  entered  the  right-hand  upjier  chamber.  From  this  chain* 
ber  the  water  passed  (possibly  over  a  large  waste-pipe)  into  the  chamber 
beneath,  aud  thence  iiito  the  left-hand  lower  cunipartinent  through  j)er- 
foratious  in  the  wall.  Through  the  roof  of  this  chamber  there  was  a  hole, 
and  the  water  passed  upward,  of  course  finding  the  same  level  at  its  exit 
aa  that  at  which  it  entered  the  putciiui.     By  the  aid  of  sluico'gatcs  the 
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water  could  be  passed  through  the  two  upper  comparlmenta  without  en- 
tfring  the  lower  ones.  Aeoess  was  obtained  by  an  opening  to  the  cham- 
bers beneath,  and  the  mud  was  from  time  to  time  cleaned  out.  These 
pincinoi  have  hccii  s|>f>keii  of  hh  "  filtering-placfs  ^^"  but  this  is  incorrect. 
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The  openings  in  the  wall  between  the  two  lower  chambers  were  small, 
and  may,  as  Parker  suggests,  have  been  covenHi  by  snnie  sort  of  a  grating; 
but  it  is  evident  that  it  would  be  impoissible  to  Insert  in  the  courses  of  a 
utream  of  the  size  of  that  which  flowed  in  the  aqueduct  anything  which 
could  act  otherwise  than  as  a  coarse  strainer.  No  doubt  the  efficiency  of 
these  pifirinw  was  due  to  the  opportunity  given  for  subsidence. 

In  many  modern  works  the  water  of  a  turbid  stream  is  allowed  to  stand 
in  settling-basins  for  a  few  hours  or  days.  Hamburg,  on  the  Kibe,  St, 
Louis,  on  the  Missii^sippi,  submit  the  river  water  which  they  use  to  no 
other  treatment.  Ak  a  means  of  purification,  stich  a  process  is,  as  a  rule, 
utterly  inadequate.  Kven  as  a  means  of  chtrifiration,  subsidence  alone 
has  proved  insufficient.  In  spite  of  ihe  pisaitut^  limarii^y  we  learn  that  the 
water  often  reached  Rome  in  a  turbid  condition,'  and,  in  modern  cities, 
where  reliance  is  placed  on  subsiding  basins  alone,  the  water  is  frequently 
supplied  in  an  objeetionahlu  condition,  and  the  water-takers  are  driven  to 
the  use  of  household  filters. 

The    writer    had    recently    an    upportunity    to    inspect  some    of   the 

'  The  Arcbieolo^  of  Itome.  by  John  Henry  Puker,  P.B.»  Part  VUL  :  The  Aqnft- 
dacL     Sec  p.  71.     Sec  olsio  Popular  Science  Monthly,  May,  1877,  p.  31. 

'  FrontinnH :    De  aqnaxlnctibas  urbis  ItomoD.   ^15:   "  i^io  quoqtie,  qnotieiui  tmbrm 
iiii]K!rveiiiutit,  turbida  |>erveaLt  in  iirlwin."     FrontiniiM  wastuperinttfideot  of  theoqnfr- ' 
duata  (  curitrer  (i7U(irum}nDderDomitianand-NerTa.  sad  died  A.D.  107. 
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water-mains  in  Hamburg,  which  were  being  removed  in  the  course  of 
soiuf  rcpaira.  The  pipes  coiitainnd  a  quantity  of  sedimentary  matter,  and 
the  interior  was  almost  Uttratiy  H/itd  witti  masses  of  mussels.  It  is  not 
surprising  that  the  condition  of  the  water  is  the  subject  of  a  great  deal  of 
comphiint.  At  Altonu,  however,  which  is  situated  a  few  nnlos  lower 
down  on  the  same  stream,  the  Elbe,  and  %vhere  the  water  is  filtere<l,  it  is 
MLatrd  by  the  cliiof  engineer  and  superintendent  of  the  water-works,  Ilerr 
Kflmme!,  that  the  pipes  are  pi^rfectly  clean,  and  that  there  is  no  animal  or 
I'egetable  life  in  the  filtered  water.  While  sedimentation  alone  is  unsatis- 
faotorj*,  the  process  is  of  great  value,  and  often  practicallji  indispensable 
as  a  pi-eliminary  to  succet>sfnl  titration. 

Airativn. — Where  a  natural  water  is  stored  in  open  basins  or  reser- 
voini  in  onler  that  the  suspended  matter  may  subside,  other  actions  are 
at  the  same  time  concerned,  and  notably  the  action  of  air  and  light.  Al- 
though, as  has  already  iMten  »<'en,  the  storage  of  surface  wat^r  in  shallow 
rpscrvoirs  is  ufteii  attended  with  great  disadvantages,  owing  to  the  heat- 
ing of  the  water  and  to  the  growth  of  minute  vegetable  organisms,  there 
are,  on  the  other  hand,  advantages  attending  the  storage  of  some  kinds 
of  water.  A  water  which  ist  colored  by  dissolved  vegetable  matter,  as 
are  the  streams  whiuh  How  from  marshes  or  peat-b<^,  loses  a  Bcnsible 
amount  of  color,  and  the  effect  is  the  more  marked  us  the  reservoirs  in- 
crease in  size  and,  other  things  being  equal,  in  depth.  This  action  is  very 
markcnl  in  many  natural  ]>onds.  Take,  for  rxarnpte,  F^kIi  Katrine,  in 
Scotland,  from  which  the  water-supply  of  Glasgow  is  taken.  Into  this 
lake  there  enter  a  number  of  streams  which  are  so  charged  with  the  ex- 
tractive matter  of  the  peat  ts  to  be  quite  brown  in  oolor.  The  color  of  the 
water  of  the  lake,  however,  where  it  enters  the  conduit,  is  scarcely  notice- 
able, and  the  water  in  the  city  of  Glasgow  is  ordinarily  clear  and  appar- 
ently colorless. 

The  loss  of  color  is  uaualJy  regarded  as  the  result  of  the  action  of 
sunlight;  but  as  such  loss  of  color  is  usually  accompanied  by  the  deposit 
of  more  or  less  sediment,  oven  when  the  water  has  seemed  clear,  it  is  not 
improbable  that  chemical  action  takes  plac«,  in  which  the  oxygen  of  the 
air  plays  a  part. 

The  efTet.-t  uf  the  oxygen  of  the  air  as  a  means  of  purification  in  the  case 
of  nuining  streani.s  lias  already  been  disoussml.  It  has  b*ten  propo.scd  to 
auratc  artificially  the  water  of  storage  reseni-oirs  and  other  water  used  for 
domestic  supply,  and  it  is  no  doubt  of  advantage  in  the  case  of  small  un- 
covered reservoirs  to  arrange  the  outlet  and  inlet  so  as  to  promote  a  con- 
tinual circulation  of  the  water  and  lo  avoid  stagnation;  beyond  this  it  is 
doutfal  if  very  much  is  to  be  gained  by  artificial  exposure  of  water  to  the 
air. 

A  water  which  contains  no  dissolved  gases  is  6at  and  insipid,  so  much 
•o  that  where  distilled  water  is  prepared  for  drinking,  as,  for  instance,  on 
shipboard,  it  is  necessary  lo  aerate  the  water.  There  is,  moreover,  no  doubt 
that  the  oxygen  gas  which  any  water  diasolves  from  the  air  when  it  is  in 
contact  with  it  plays  an  important  part  in  the  destruction  of  organic  mat- 
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ten  derived  from  various  sources.  But  this  oxidizing^  action  has  been 
overrated,  and  no  arlifioial  pro<>ess  of  aoretion  can  suffice  to  render  pure  , 
the  wator  from  a  cuntuuiinatetl  source.  Water  absorbs  a  certain  amount ' 
of  oxygen  rather  freely,  and  with  proper  circulation  in  pipes  and  roscr- 
Toirs  there  is  nothing  to  be  feared  in  the  way  of  a  lack  of  aCrafion  of  a 
good  water.  Even  water  from  deep  springs  which  issues  from  the  ground 
nearly,  or  in  some  cases  absolutely,  fre**  from  oxygen,  soon  acquires  its 
proper  amount.  It  is  true  that  stagnant  water  ponded  over  decaying 
vegetable  or  animal  matter  loses  its  oxygen;  but  remove  the  water  from 
over  the  depoH|t  and  oxygen  is  reabsorbed. 

Allusinii  may  be  made  to  a  process  of  purification,  said  to  l>e  in  use  on 
the  River  Neva,  at  St.  Poiershurg,  for  the  purpose  of  rendering  the  river 
water  suitable  for  the  manufacture  of  bank  paper.'  The  apparatus  con* 
sists  of  several  troughs,  placed  step-wise  one  above  the  other.  Each 
trough  is  divided  longitudinally  by  a  partition,  which  d»>es  not  reach  the 
bottom,  into  two  compart ments.  The  inner  or  rear  division  is  covered  with 
wire-gauze,  and  receives  the  water  as  it  flows  from  the  step  or  trough 
above;  from  the  outer  compartment  the  water  falls  some  two  feet  on  to 
the  gauze  of  the  step  below.  The  total  area  of  the  gauze  is  420  feet,  and 
it  has  fifty  nieslies  to  the  inch.  The  water  is  treated  to  the  amount  of 
lOO.OUO  cubic  feet  in  ten  hours.  The  water,  as  it  begins  its  descent 
through  this  apparatus,  is  said  to  appear  clear  and  pellucid,  but  befora 
passing  through  two  sheets  of  gauze  it  becomes  turbid  and  deposits  a  black 
scum  on  the  wires,  which  thus  require  frequent  cleaning.  The  tanks  which 
receive  the  water  are  constantly  covered  with  a  thick  scum,  and  the  water  is 
filtered  through  sand  and  gravel  before  being  used.  It  is  a  question  how 
far  the  action  in  this  case  is  due  to  chemical,  and  how  far  to  mechanical 
action,  to  the  **flocculation"  of  the  fine  suspended  ]jarticles  as  a  result 
of  the  agitation  of  the  water.  Probably  the  latter  action  plaja  aa  im- 
poKant  part. 

FtUrathn. — By  a  properly  conducted  process  of  filtration  it  is  possible 
to  effect  thorough  clarification.  All  floating  particles  visible  to  the  un- 
atdc<l  eye  may  be  thus  reiunved;  some  substances,  liowevor,  much  more 
readily  than  others. 

The  filtration  of  water  on  the  large  scale  has  been  practised  in  Eng- 
land and  on  t}ie  continent  for  years,  and  filtration  works  are  now  con- 
sidered, as  a  matter  of  course,  &  part  of  any  schrme  for  the  introduction 
of  water  from  a  running  stream.  In  this  country  very  little  has  yet  been 
done  in  this  direction.  In  the  year  186G  James  P.  Kirkwood,  C.E.,  went 
to  Europe  in  the  interests  of  the  city  of  St.  L^uis,  to  study  the  clarifica- 
tion of  river  waters  used  for  the  supply  of  cities.  He  made  an  elaborat«j 
report*  on  the  subject,  giving  details  of  European  practice  and  plana  for] 
filtering-beds  for  St.  Louis, 

St.  Louis  has  not  yet  adopted  any  system  of  filtration,  but  several 

■  ProceetUngs  Inst.  Civil  Ba«riaeen,  XXVIL,  1807-68.  p.  46  :  an  sooount  fiveo  \if 
Mr.  0.  E.  Ai)!«tin. 

'  Kirkwood  :  Filtration  of  River  Waten.  Kow  Yorit.  Van  N'ostnmd.  1860. 
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other  cities  of  Bmallcr  size  have  done  so  ^rith  more  or  less  success:  namely^ 
Poughkeepsie,  N.  Y.,  in  1871;  Hudson,  N.  Y.,  in  1874;  Columbus,  O.,  in 
1874;  Toledo,  O.,  in  1875. 

Up  to  the  present  time  no  filtering  material  has  proved  practically 
available  on  the  large  scale,  except  sand.  Various  attempts  have  been 
titade  to  use  other  substances,  but  hitherto  without  marked  success.  We 
will}  therefore,  consider  the  general  features  of  the  process  of  sand-filtra- 
tion as  practised  at  home  and  abroad. 

Kilter-bedB,  us  usually  constructed,  are  water-tig'ht  basins,  some  ten 
feet  or  more  in  depth,  the  sides  built  of  masonry,  and  the  bottom  puddled 
or  made  of  concrete,  or  paved  with  brick  and  cemented.  The  area  may 
be  from  20,000  to  50,000,  or  in  some  cases  even  150,000  square  feet.  In 
building  up  the  filtering-bod,  provision  is  first  made  for  the  ready  collec- 
tion  of  the  water  by  constructing  upon  the  floor  of  the  basin  drains  or 
channel'ways  of  stone  or  briok  laid  dry;  then  follows  a  layer  of  broken 
stone,  the  fragments  being  three  or  four  inches  in  diameter.  This  is  suc- 
ceeded by  gravel  screened  so  as  to  be  of  uniform  size,  a  layer  of  coarse 
being  followed  by  one  or  more  layers  of  finer  niuterial;  upon  the  gravel 
rests  sand,  likewise  separated  into  layers  of  uniform  size.  The  exact  thick- 
ness of  the  different  layers,  and  the  extent  to  which  the  separation  iut(( 
the  difl'erent  Bxten  is  carried,  are  subject,  of  cniirse,  to  considerable  varia- 
tion. The  object  of  the  care  bestowed  in  arranging  (he  material  of  the 
filters  is  to  prevent  the  fine  sand  from  finding  its  way  into  the  rlrains,  and, 
at  tlie  same  time,  to  have  such  a  body  of  water  below  the  filtering  surface 
as  to  insure  the  gradual  and  uniform  passage  of  the  water  from  the  sur- 
face tu  the  drains  without  the  creation 
of  actual  currents  or  streams.  ^^^^^ 

The  accompanying  figure,  Fig.  22,  ^^^^^ 
represeniH  a  section  of  the  filter-beds  at  fe^^^^ls. 
I'oughkeepsie,  X.  Y.,  whicli  are  con-  ^=^=^=^^ 
Btructod  on  the  English  model.  There  arc  =5^^^=^= 
two  filter-beds,  each  iiW  x  T^  feet  in  plan  ^^^^ 
and  12  feet  deep,  built  with  vertical  walls:  ggl^^^i^ 
each   ha?,   therefore,  14,700  square  feet  '^ 

of  filtering  area.     The  six  feet  of  filter-  ^  .J^'' '*'^ 

ins  materials,  heirinninfi:  at  the  top  of  the        f-f?i'i^liF?Si™ 

bed,  are  disposed  as  follows:  i|gj^M^     m    d      '  >*'•>• 

24  inches  of  sand.                                  S^SkRI  ■»■    <^    ) 
6  "         I  inch  gravel.  SS^jffiS» tft. «opp 6(d- 

0  **  1  «  ^^^^^^4  to  SiD.  ■tosa trL 

6         "        3  inch  broken  stone.       sfe^jg^S 

U  "  4  10  8  in.  "  pj^  aa-Seotion  or  Ponghkoepii* 

—  mter-b«i. 

Total,  73  inches. 

The  water  stands  several  feet  deep  over  the  surface  of  the  sand,  and  is 
allowed  to  flow  down  through  the  filler  at  such  rate  as  experience  shows 
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to  be  most  advantageous.  Xaturally,  when  the  sand  U  clean,  a  greater 
quantity  of  water  will  pass  in  a  given  time  than  when  the  sand  lias  Ite- 
come  clogged;  practice  difTcrs  as  to  the  maximum  rate;  but  it  is  seldom 
over  six  inches,  vertically,  per  hour,  and  often  less.  At  the  rale  roeii- 
tinnci^,  «aeh  Htpiare  foot  of  surface  would  deliver  1^  cubio  feet  (or  89| 
United  States  gallons)  per  day. 

When  the  beds  hecnmc  clogged,  so  as  no  longer  to  filter  with  sufficient 
rapidity,  the  water  is  dra^vn  down  to  from  Vi  to  i4  inches  below  the  upper 
surface  of  the  filtering- beds,  or  is  drained  away  entirely,  and  the  upper 
layer  of  sand,  for  a  depth  of  one-half  or  thret^-quarters  of  an  inch,  is  re- 
moved. When  by  succeasivc  parings  the  thickness  of  the  sand  has  been 
considerably  reduced,  that  which  has  been  removed  is  washed  and  repUced 
so  OS  to  restore  the  originnl  thickness,  the  waste  of  washing  being  made 
up  with  fresh  sand.  In  the  worst  stages  of  the  English  rivers  a  filter-bed 
has  to  be  cleaned  once  a  week,  rarely  oftener.  When  the  rivers  are  freo 
from  turbidity,  cleansing  may  not  be  necessary  more  than  once  a  month, 
or  in  some  cases  once  in  two  months.  Cleaning  of  the  filter-beds  in 
winter  is  attended  with  considerable  inconvenience.  The  European  prac- 
tice, in  locations  where  the  ice  freezes  to  any  thickness,  may  be  learned 
by  the  following  quotation  from  Kirkwood's  account  of  the  lierlin  works: 

"The  ice  forms  upon  the  filter-beds  15  inches  thick,  and  sometimes, 
though  rarely,  >i4  inches  thick.  To  protect  the  enclosing  walU  of  each 
filter  from  damage,  the  ice  is  kept  Re]>aratod  from  the  walls,  6  to  12  inches 
by  attendants  appointed  to  that  duty;  and,  so  long  as  the  cake  of  ice  is 
kept  floating  in  this  way,  the  masonry  is  safe  from  any  danger  by  its 
thrust." ' 

It  is  becoming  customary  in  Germany  to  cover  the  filter-beds,  and 
thus  to  allow  the  filtration  to  take  place  the  .same  in  winter  as  in  summer, 
although  it  is  not  necessar}-  to  clean  the  beds  as  often  during  the  cooler 
j>art  of  the  year.  It  would  seem  that,  in  our  climate,  the  filter-bt-'ils 
should  always  be  covered,  not  only  to  prevent  the  formation  of  ieo  in 
winter,  but  also  to  prevent,  in  some  measure,  the  heating  of  the  water  in 
summer  to  a  high  degree,  and  the  consequent  encouragement  of  v^eta- 
ble  growth. 

While  it  is,  in  general,  true  that  the  upper  layer  of  sand  does  most  of 
the  work  in  inter<*epting  the  various  floating  matters  in  the  water,  it  does 
not  do  the  whole  under  the  conditions  which  occur  in  ordinary  practice. 
Examination  shows  that  the  sand  is  somewhat  aiTectod  to  a  greater  depth, 
and  it  may  occasionally  l>e  necessary  to  renew  all  the  sand.  The  very 
fact  that  in  all  actual  works  there  are  times  when  the  water  is  imperfectly 
clarified,  shows  that  the  interior  of  a  sand-filter  must  become  more  or  less 
fouled.  7*he  depth  to  which  the  sand  becomes  sensibly  fouled  depends  u|>on 
several  conditions,  and  mainly,  in  the  case  of  any  given  water,  upon  the 

'  8«e  Kirkwood's  FUtratlon  of  Rivei  Water,  p.  114.  Since  Ktrkwood's  report  wu 
made,  the  Berlin  worka  have  beea  muob  extended,  and  a  portion  of  the  filters  are  uoir 
covarod. 
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r»to  of  flaw,  upon  the  head  under  which  Gltratioti  takos  plaeci  iind  upon 
thft  freqiioney  with  which  the  hods  arc  cloansod. 

The  hf-mi  undorwliioh  tlio  water  ia  filtorod  varies  at  any  works  ao(?ord- 
iog  lo  the  condition  of  the  sand.  The  clear-watur  wt-ll  is  gniinrally  so 
arranged  that  the  lieight  of  water  in  it  can  he  lowered  at  pleasure;  and 
the  head  under  wliich  tho  water  is  filtered  is  the  difference  l>etween 
the  l^v^l  in  tlip  bed  and  in  the  clear- 
water  well,  as  may  be  seen  in  the  ac- 
oompanyinjo;'  cut,  where  the  h«ad  is 
measured  by  the  distance  between  a 
and  b.  While  the  beds  are  clean,  a 
difference  of  from  9  to  Vi  inches  suffices 
to  cause  a  proper  rate  of  flow;  when 
they  beoottie  cloj^ged  a  much  proater 
pressure  is  required.  There  is  a  limit, 
however,  beyond  which  it  beconius  un- 
desirable to  increase  the  bead.  The 
greater  the  pressure,  the  more  densely 
does  the  sand  become  packed;  and  in 
cleaning  the  beds,  after  8cra]>ing'  off  a 
thin  layer  of  foul  sand  at  the  top,  the 
usual  custom  is  to  loosen  the  sand  with  *'JG-  '-S- 

forks  to  the  depth  of  some  inches,  Tho  boat  authorities,  however,  rejjanl 
this  as  uiiadvjsuble;  and  it  is  a  st^  of  bad  management  when  the  water 
is  filturod  under  sue!)  a  head  that  this  operation  is  rendered  iiecossary. 
The  increase  i>f  pressure,  loo,  drives  the  impurities  to  a  greater  deptfi 
into  the  sand;  and  there  is  liability,  in  filtevng  under  too  great  a  hr-ad, 
when  the  bed  has  become  somewhat  clogged,  ospi'cially  if  tlic  water  in 
the  clear-water  well  is  allowed  to  fall  below  the  level  of  the  sand,  that 
the  water  will  force  \i%  way  through  the  sand  where  the  clogging  uiaterial 
offers  the  least  resistance,  and  thus  pass  downward  irregularly  and  in 
actual  streamlets. 

fn  some  places  the  filter-beds  are  cleaned  by  forcing  the  filtered  water 
backward  through  the  filtering  material,  and  stirring  up  at  the  same  time 
the  upper  part  of  the  sand-layer.  The  dirty  water  is  allowed  to  o%'erflow 
and  tu  run  to  waste.  This  method  presupposes  an  abundance  of  water 
and  the  ability  to  command  the  nRcos.<iary  pressure,  and  is  hardly  to  be 
recommended.  It  ifi  practised  at  Zurich,  in  Switzerland,  where  the  water 
filtered  is  practically  spring  water  rendered  turbid  by  clay  or  other  min- 
eral matter. 


Object  and  Rewiu  of  Juration  on  the  Large  Scaie, 

Having  considered  the  method  of  filtration  in  common  use,  we  may 
now  profitably  inquire  more  closely  into  the  object  which  it  aims  to  ac- 
complish, and  the  results  which  are  actually  obtained. 

Filtration,  in   its  strict  sense,  is  simply  a  mechanical   operation,  and 
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directs  itself  to  tlie  removal  of  such  suhstanees  as  are  earned  in  suspension 
in  the  wator.  The  su^pvnded  inattcr^  which  by  its  presence  in  our  wniftr-. 
supplies  mak^H  (iltration  d(?sirable,  is  somewhat  various  in  character. 
Sometimes  llie  suBpen<led  matter  will  settle  quite  readily  by  virtue  of  the 
comparatively  high  specific  g-ravity  of  the  particles,  as  will  be  the  case  of 
the  mineral  matter  consisting  of  sand,  miea,  etc.  Such  substances  are 
readily  removed  by  filtraiion;  but  we  have  seen  that  it  is  generally  mnre 
economical  lu  subject  the  water  to  a  process  of  sedimentation  first,  and 
settling-basins  are  quite  universally  regarded  as  a  ueoessary  preUminarr 
to  successful  filtration.  It  is  evident  that  without  sedimentation  a  slower 
rate  of  filtraiion  must  be  empUiyed,  and  the  sand  must  be  cleaned  more 
frequently.  It  the  suspendeil  nuLtter  if,  clay»  it  may  obstinalttly  refuse  to 
settle;  in  this  case  it  is  almost  impossible  to  filter  the  water  slowly  enough 
to  obtain  good  results  if  the  turbid  water  without  previous  sedimentatioa 
is  put  directly  upon  the  filter-bwls.  Even  with  sedimentation  the  result , 
is  not  always  as  good  as  might  be  desired,  anr]  in  works  which  arc  actually 
in  operation  it  not  unfrequently  happens  that  imperfectly  clarified  water 
is  delivered  to  consumers. 

With  respect  to  the  minute  vegetable  organisms  which  occur  in  sur- 
face waters,  there  is  no  difficulty  in  removing  ihem  completely  by  sand 
filtration,  although  of  course  the  fitters  become  rapidly  clogged.  Tliis 
clogging  is  aided  also  by  the  development  upon  the  beds  themselve-s  of 
confervoid  growth,  which  in  uncovered  beds  become  so  abundant  and 
vigorous  as  to  form  a  sort  of  carpet  on  the  surface  of  the  sand,  which  can 
be  raked  off  in  coherent  sheets  or  rolled  up. 

We  are  come  now  to  consider  more  parlicidarly  the  action  of  a  Winti- 
filter.  On  the  suspended  i^atter,  the  action,  although  simple,  is  twofold. 
In  the  first  place,  particles  too  large  to  pass  into  the  interstices  of  the 
filter  are  arrested  at  the  very  outside;  in  the  second  place,  and  with  regard 
to  finer  particlea,  the  process  is  one  of  sedimentation  and  adhesion.  It  n 
well  knoMTn  that  a  turbid  liquid  will  deposit  aediment,  not  dimply  on  the 
bottom  of  the  vessel  in  which  it  is  contained,  but  also  upon  the  sides.  In 
n  san<l  filter,  as  the  water  passes  slowly  downward,  not  in  veins,  but  by 
percolation,  the  minute  particles  of  suspended  matter  are  attracted  to  and 
deposited  upon  the  walls  of  the  numerous  vessols  which  are  formed  by  tJie 
void  spaces  between  the  grains  of  sand.  This  is  true  even  when  the 
material  of  the  fitter  is  very  coarse.  If  muddy  water  bo  passed  ithurly 
through  a  bed  of  shingle  or  broken  stone,  it  will  clear  much  more  rapidly 
than  if  the  subsidence  takes  place  in  an  unobstructed  basin. 

While  it  is  true  that  the  action  of  a  sand-filter  is  exerted  chiefly  on  the 
substances  which  are  in  suspension,  it  is  also  true  that  some  effect  is  pro- 
duced upon  matter  actually  in  solution.  This  effect  has  been  very  much 
exaggerated;  and  yet  there  is  no  doubt  that,  if  propej-ly  managed,  sand 
filtration  is  competent  to  remove  an  appreciable  amount  of  dissolved  or- 
ganic matter.  Tl»e  action  may  be  explained  in  two  ways.  In  the  first 
ptucc,  most  porous  substances  possess  the  j>ower  of  removing  certain  i 
kinds  of  organic  matter  by  something  which  may  t>e  called  atVitsion.   The 
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absorptive  powor  for  aiiy  Hubstance  is  limitod  and  soon  reached,  and  the 
i^obstance  thus  removed  may  by  appropriate  moans  be  again  brought  into 
solution.  Quarts  &and,  aa  we  abould  infer,  possesses  the  power  to  a  slight 
degree  ooly.  The  second  method,  by  which  dissolved  organic  matter  is 
removed  in  the  suiid-htter,  is  by  oxidation.  The  siibstaiu-e  is  aetually 
hamod  more  or  less  oomplotely,  in  part  by  the  oxygen  held  in  solution  in 
the  water,  and  in  part  by  the  air  entangled  in  the  inlorstiees  of  the  sand. 
.Mthough  in  filling  the  bt'ds  with  water,  great  eare  is  taken  to  displace  the 
air  gradually,  and  as  completely  as  possible,  there  must  always  some  re- 
main in  the  concavities  of  the  individual  grains  of  sand  and  otherwist?  t.'n- 
tangled.  The  extent  uf  the  aotion  of  a  sand-filter  in  this  direction  depends 
not  only  on  the  thickness  of  the  filtering  medium,  and  the  rate  at  which 
the  filtration  takes  place,  but  also,  and  in  large  measure,  upon  the  frequency 
with  which  the  filter  is  cleansed.  The  cleansing  of  the  filter  not  only 
removes  the  accumulation  of  organic  matter,  which  if  allowed  to  remain 
would  tend  to  injure  the  water,  but  also  involves  the  aeration  of  the  sand. 

Many  analyses  have  been  made  to  ascertain  tlieeilectof  sttiid-filtratio|ji 
upon  the  water  filterc'L  In  some  cases  the  oxidation  alluded  to  is  suffi- 
cient to  determine  an  appreciable  decrease  in  the  amount  of  dissolved  or- 
ganic matter  which  gives  color  and  unpleasant  taste  to  the  water.  In 
view  of  what  is  actually  accomplished  in  existing  works,  it  seems  to  be 
beat  to  r^ard  the  removal  of  color  and  unpleasant  taste  as  incidental  ami 
Kkely  to  vary  very  much  according  to  the  condition  of  the  filter.  If  a 
sand-filter  removes  com|>lotely  all  suspended  matters  without  allowing  the 
matter  at  first  removed  to  contaminate  by  its  decay  the  water  filtered  aub- 
•equently,  it  may  be  regarded  as  successful. 

In  order  to  secure  succeas  in  the  management  of  any  scheme  for  the 
nitration  of  water  on  the  large  scale,  the  works  should  be  under  the  man- 
agement of  a  person  of  intelligence  and  uf  some  education  and  experience. 
The  filter-beds  should  be  properly  constructed,  especial  attention  being 
given  to  the  sand  employed,  and  should  be  cleaned  with  sufTiclent  frequency. 
Settling- basins  of  sufHcient  size  will  generally  be  necessary,  and,  for  the 
best  effect,  the  filter-beds  should  be  covered,  and  thn  filtered  water  de- 
livered at  once  to  the  consumers,  or,  if  stored,  it  .ihould  be  stored  in  cov- 
tiTcd  reservoirs  of  small  size,  which  can  be  readily  emptied  and  cleaned  if 
occawon  require. 

The  covering  of  the  filter-beds  is  a  great  advantage,  as  haa  already  been 
Miid;  the  covering  of  the  clear-water  basin  is  to  be  regarded  as  a  neces- 
sity, especially  in  case  of  all  waters  which  are  liable  to  considerable  vege- 
table growth.  It  would  seem  that  the  spores  of  the  algiB  are  not  removed 
by  the  passage  through  sand;  at  any  rate,  if  the  filtered  water  be  stored 
in  a  reservoir  exposed  to  light,  the  algic  develop  themselveji  anew,  and  the 
advantage  once  gained  is  lost.  It  is,  however,  confidently  asserted  that.  If 
the  water  after  filtration  be  stored  in  covered  reservoirs  only,  no  growth 
will  make  its  appearance.  This  has  certainly  proved  to  be  the  case  in 
Berlin,  Altona^  and  other  places  in  Germany,  and  in  several  localities  in 
I'Jngland  as  w^ll. 
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In  Europe  it  is  usual  to  cover  all 
ilistributing-  reservoirs  aud  sometimes, 
the  filter-beils  hy  an-liiri^  them  over 
with  masonry  or  brick-work  and  then 
covrring  with  earth.  Fig.  24  repre- 
sents a  section  of  the  reservoir  at  Dres- 
den, Germany,  which  has  a  capacity 
of  iy,5j(KJ  cubic  metres.  Fig.  23  ia  a 
suggestion  from  F&nning*s  Water-Sup- 
ply Engineering  of  a  less  expensive 
fonn  of  covering.  This  would  be  Kinir- 
what  less  serviceable  as  a  means  uf 
keeping  a  uniform  temperature  on  the 
beds,  oiid^  as  far  as  known,  nu  such 
coverings  arc  in  actual  use. 

As  to  the  extra  expense  of  filter- 
ing the  entire  water-supply  of  any 
town,  much  will  depend  upon  the  ex- 
lent  of  the  works^  From  figurus  fur* 
nislied  by  Mr.  TIic,  W.  Davin,  of  the 
Pougkeepsie  Water-Works,  the  coat 
at  thut  place  appears  to  he  from  t'i.dO 
to  $3.fi0  per  million  gallons  filtered, 
but  with  larger  works  the  running  ex- 
penses would  properly  be  less. 

JTousehoid  FiUrativn, 


.-  h  Of  household  filters,  patented  and 

unpatented,  there  has  been  and  is  the 
greatest  variety,  both  in  form  and  ms- 
tcrial.  Mnny  sorts  of  porous  atono, 
sand,  powdered  gl&ss,  bricks,  iron  in 
turnings,  and  other  forms,  vegetal'li* 
and  animal  charcoal,  sponge,  wool, 
flannel,  cotton,  straw,  eaw-dust,  (ixcel- 
fiior;  and  wire-gauze — these  are  soiue 
uf  the  substances  which  are  used  for 
the  purpose. 

There  are  certain  fundamental  re- 
quirements which  a  titter  must  satisfy 
in  order  to  be  considered  i^uitable  (ur 
household  use.  In  the  first  place,  it 
must  be  made  of  a  material  whicli  can- 
not communicate  any  injurious  or  offensive  quality  to  the  water  which 
passes  through  it;  second,  it  must  remove  oil  suspended  particles,  so  as 
to  render  the  water  bright   and   clear;  third,  it  must  either  be  readily 
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Cileanecl,  or  the  filtering  materiRl  mtiat  be  srrang'Pil  so  as  to  be  rca<lily  re- 
newed.    In  addition  to  these  requiremfnUt  it  is  of  great  advantage  if  the 


filter  is  able  to  remove  a  noticeable  amount  of  the  disaolved  oi^nio  mat- 
ter Kfhii-h  most  waters  contain. 

AUusiun  htui  boiMi  already  made  to  the  fact  that  thu  action  of  a  BltfT 
is  either  merhaninal  nr  chemic.nl.  There  i^  a  mcchanieiil  antion,  by  virtue 
of  which  solid  particles  whit-h  are  too  large  to  pass  tlK>  pores  of  the  filter 
•re  arrested:  other  jmrtirlca  are  drawn  by  a  force  of  adhesion  to  the  sur- 
face of  the  particles  of  the  fdtcr,  and  are  thus  removed.  This  property  of 
adhesion,  if  it  may  be  so  called,  is  .sometimes  exerted  to  such  an  e;itent  as 
to  remove  .substance?  which  seem  to  be  rom]>leteIy  <lis.solved,  without, 
however,  proiUicing  anv  apparent  chemical  chan^  in  them.  The  sub- 
stances so  removed  may  be  again  by  proper  means  recovered  and  iirought 
into  solution.  There  ttt  also  an  unmtJttAknble  chemical  action,  by  virtue 
of  which  some  substances  are  destroyed,  or  rather  are  converted  into  new 
compounds.  Thin  action  is  mainly  due  to  pro<^e»KeK  of  oxidation  which 
take  place,  in  part  at  the  expense  of  the  oxygen  whirh  is  fontaiiie<l  in  the 
solatton,  and  in  [)art  at  the  expense  of  the  oxygen  mechanically  entangled 
ixi  the  pores  of  the  |)orouK  substance  employed.     Different  porous  sub- 
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stances  rliffor  vory  much  in  thia  re&pcct.  A  majw  of  clean  quarts  aaiiH  oait 
proiluco  little  effect,  wlnlo  animal  oharcoa!  possoasos  such  a  power  in  thi* 
direction  tliat  it  is  used  in  the  art»  to  rlei^niorize  colored  liquids. 

Household  filters  may  be  divided  into  three  classes;  first,  those  of 
small  size,  intended  to  be  attached  to  the  faucet,  where  the  water  i»i 
brought  ill  jtipeH  either  from  the  serviee-maius  of  a  general  supply,  or 
from  a  tank  in  the  building;  second,  thp  portable  filters  desired  to  oc- 
cupy a  more  or  less  permanent  position,  and  to  be  filled  with  water,  either 
by  a  ball-cuek  or  other  similar  arrangement,  or  by  means  of  smaller  sup- 
plies continually  renewed;  third,  the  more  permanent  and  fixed  devioM 
which  are  inserted  or  built  into  underground  or  other  cisterns. 

In  iho  case  of  filters  of  the  first  class,  #. «.,  those  which  are  made  to  be 
attached  to  wator>taps,  it  is  not  practicable  to  rtiquiro  anything  more  than 
that  they  shnil  act  as  mechanical  strainers  and  arrest  all  suspended  sub- 
stances which  may  be  in  the  water.  There  is  no  material  knowi^  whicli 
can  be  Introduced  into  the  smsU  space  uf  a  tap-filter  and  accomplish  any 
real  pnrijication  of  the  water  whioh  passes  through  at  the  ordinary  rate 
of  flow. 

Of  all  the  patent  contrivances  whioh  have  been  proposed,  there  is 
probably,  after  all,  none  bnttor  than  the  form  which  has  been  in  use  for 
many  years,  wliich  is  filled  witli  clean  quartz  sand,  and  is  capable  of  being^ 
readily  reversed  and  thus  cleansed,  Kven  animal  charcoal  in  the  quantity 
which  admits  of  being  readily  attached  to  a  faucet  haa  no  advantage  over 
such  a  filter. 

Sponjye  is  very  cfficiont  as  a  strainer,  and  admits  of  being  cnmpresaed 
into  small  compass.  There  are  several  forms  of  sponge-filters  which  may 
bo  screwed  upon  a  common  tap.  If  the  sponge  be  removed  and  washeil 
with  hot  water  ©very  few  days,  those  filters  serve  a  good  purjwse;  left  tn 
tlieuiaelves,  however,  they  do  more  harm  than  good.  Another  efficient 
filtering  material  is  common  cotton,  especially  after  chemical  treatment 
with  alkalies  and  aci<ls.  This  is  well  known  to  those  who  are  in  the  habit 
I'f  collecting,  for  microscopic  examination,  the  mi- 
tkule  organisms  which  inhabit  fresh  waters — the  dia 
toms,  desmids,  and  other  small  alga^.  A  bag  of 
stout,  finely  woven  cotton  cloth,  or  of  the  ao-cailoH 
"cotton-flannel,"  primitive  and  uncouth  as  it  may 
appear,  makes  a  very  good  tap-filter  where  the  pres- 
sure of  the  water  is  not  too  great.  It  may  be  often 
renewed  at  a  trilling  expense,  and  in  summer  tba 
<jdor  of  the  entangled  vegetable  matter  will  probably 
call  attention  to  it,  and  lead  to  its  frequent  washing 
or  renewal. 

All  ordinarj-  tap-filters  are  open  to  several  funda- 
mental objections,  as  may  be  illustrated  by  Fig.  "ifi. 
In  tiio  fir.st  place,  all  those  that  contain  an  inaidu  box 
to  hold  the  filtering  material  arc  liable  to  allow  some  water  to  pass  around 
the  box  and  out  of  the  filter  without  coming  in  contact  with  the  filtering 
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injLtohal  it  all.  lu  the  particular  filter  shown  in  the  illustration,  an  at- 
ic'inpt  is  iiiadc  to  prevent  this  by  leather  washers.  In  the  sciound  place, 
Ihe  success  of  euoh  a  filter  in  the  accomplishment  of  its  legitimate  work 
depends  upon  the  frequency  with  which  it  is  cleaned.  No  filter  mti  be 
self -cleaning.  Attention  on  the  i>art  of  some  individual  is  necessan*,  and 
in  the  household,  where  such  mutters  are  generally  left  to  the  care  or 
uegleot  of  servants,  the  fitters  are  more  likely  to  be  neglected  than  to 
be  (vred  for.  In  many  cases  a  filter  once  flerewed  ujinn  the  faucet  re- 
mains for  month  after  inontli  without  being  cleansed,  and  in  thus  worse 
than  useless.  In  the  third  place,  if  the  filter  is  so  arranged  as  tu  be 
readily  removed  for  cleaning,  the  chances  are  that  it  will  leak  where  it  Is 
attached,  or,  if  it  is  attached  so  tightly  as  not  tu  leak,  the  chances  are  that 
it  will  be  difficult  to  remove,  and  thus  fail  to  be  cleaJied.  Moreover,  with 
a  filter  of  this  kind  the  flow  of  water  is  more  or  less  obstructed;  and  if 
ibe  arrangement  is  snch  as  to  facilitate  removal  for  cleaning,  the  tempta- 
tion is  always  before  the  servant  to  remove  the  tllter  altogether  in  order 
to  obtain  the  water  more  freely. 

It  is  proper  to  say  in  this  connection  that,  in  case  the  water  is  de- 
livered by  serv ice-pi |>es  from  a  general  supply,  it  is  not  necessary  that 
the  filtration  should  take  place  at  the  faucet,  for  most  of  the  materials 
used  for  filtration  and  mentioned  below  can  bo  obtained  arranged  in  fil- 
ters of  large  size  intended  for  insertion  in  the  house  service.  Of  course, 
the  objection  to  this  arrangement  is  the  expense,  and  the  liability  that 
when  the  filter  has  Ijeen  once  inserted  it  will  be  dismissed  from  mind,  and 
proper  care  will  not  bo  taken  tu  maintain  it  in  fifficlent  condition. 

We  come  now  to  thu  largt-T  forms  of  filters,  to  those  which  are  port- 
able, but  which  are  intended  to  occupy  h  permanent  position  in  the  room, 
tjT  in  some  cases  to  be  placed  in  the  tank  from  which  the  supply  is  drawn. 
The  material  which,  next  to  simple  sand,  has  probably  been  used  as  long  a.s 
anything  fur  the  purpose,  is  stone.  Some  varieties  of  sandstone  are  par- 
ticularly i>orous,  sufficiently  so  to  allow  of  thei  use  of  slabs  of  the  stone  od 
(ilter«;  other  similar  substances,  such  as  jtumice-stone  or  unglazml  earthen- 
ware, ha\'e  been  employed;  the  most  eoiiimon  arrangement  being  to  Insert 
she  stone  as  a  horizontal  partition  in  a  small  tank  or  vessel.  Here  we 
have  to  deal,  in  the  main,  with  .timplc  mechanical  action,  Tlie  material 
should  not  be  too  porous.  There  is,  at  least,  one  variety  of  artificial  stone 
in  the  market  which  is  so  porous  that  it  ofTecs  almost  no  obstruction  to  the 
passage  of  water,  and  does  not  arrest  anything  but  the  grosser  particles 
of  solid  substances.  In  any  case  these  porous  slabs  are  rather  difficult  to 
clean,  as  the  intercepted  particles  penetrate  to  a  considerable  depth,  and 
are  not  easily  detached. 

As  filters  of  this  second  class  are  not  restricted  in  size  to  such  small 
dimensions,  it  is  here  possible  to  employ  materials  which  shall  perform 
something  more  than  a  mere  mechanical  action.  Of  such  materiala  the 
best  known,  and,  on  the  whole,  the  most  efficient,  is  animal  charcoal.  All 
varieties  of  carbon  formed  by  the  destructive  distillation  of  vegetable  or 
animal  matter  possess  the  property  of  removing  organic  matter  from  solu- 
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lion,  but  to  a  very  different  cixtent.  That  prepared  by  the  distitUtion  of ' 
wood,  /.  e.,  ortUimry  chun'OHl,  possesses  the  pro}»crty  In  toosHght  a  dcgru^ 
to  be  of  any  service  in  the  construction  of  filters;  but  animal  charcoal, 
prepared  from  bones  by  distilling  thorn  in  closed  retorts  at  a  rather  htgti 
temperature,  is  one  of  the  must  efficient  substances  in  this  n^&rd  that  wr 
poMsess.  One  of  the  famiUar  uses  to  which  animal  charcoal  is  put  in  tin- 
industrial  arts  is  in  the  refining  of  sugar,  where  it  is  employed  to  remove 
the  coloring'  matter  from  the  crude  sirups. 

There  arc  many  forms  of  Hlter  in  which  animal  charcoal  is  employed. 
One  such  filter,  which  is  construotml  according  to  the  best  principles,  t* 
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showU}  la  section  anil  in  elevation,  in  Figs.  27  and  38.  Tliis  is  an  English 
filter,  manufactured  by  the  London  ami  tiiMn-ral  Water  Purifying  Com- 
pany. The  earthenware  filter-box  is  filled  with  Hnimal  chan>(>al,  in  th*- 
form  of  charred  bones,  broken  into  small  pieces,  and  freed  fmm  dust. 
The  water  is  caused  to  pass  HfWtjrif  tlirttugh  th«* 
lilter^  in  order  that  matters  spontaneously  settling 
down  may  not  be  deposited  upon  the  filtering  male* 
rial,  and  help  to  clog  its  j>ores,  but  may  fall  away 
from  it  and  deposit  elsewhere;  the  eoiitH><fUencr  of 
this  is,  that  the  filtering  mnteriiil  requires  less  fre- 
quent cleansing.  When  cleansing  does  l»ecMme 
necessary,  the  charcoal  can  bo  readily  remo%'od  and 
renewe*^  This  filter  may  be  taken  as  a  type  of  the 
better  class  of  those  which  contain  the  charcoal  in 
fragments  rather  than  compressed  into  blocks.  It 
will  l>e  noticed  that  there  is  no  chamber  for  sturinfp 
the  filtered  water;  the  water  is  Bltered  at  the  time  it 
is  drawn  off  for  use,  and  when  the  filter  is  arranged  as  shown  in  Fig.  29. 
the  water  can  be  iced  before  filtration. 

.\  great  many  experinieiils  have  been  made  with  a  great  variety  of 
waters,  and  by  many  obser%*era,  to  determine  the  effect  of  filtration 
through  bone  coal,  and  there  is  no  question  that  this  material  is  able  to 
remove  a  considerable  proportion  of  the  organic  matter  dissolved  in  a 
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:er»iin(i  thus  to  serve,  not  as  a  mechanical  filter,  but  a^  an  aettial  purify* 
injf  mgent,  Frankland  at  one  time  proposed  to  filter  the  whole  water-supply 
of  I^niion  hy  this  method.  Altlioug^h  tliiN  wouM  be  expensive,  it  is  uot 
allupc'ther  impracticable.  In  large  works  it  would  be  possible  to  wash 
and  re-burn  the  coal  from  time  to  time,  and  the  dubt  could  be  u&c-d  in  the 
manufacture  of  a  fertilizer.  The  process  would,  however,  undoubtedly  bB 
verj-  expensive. 

For  some  forms  of  filters,  the  bone  coal  is  compressed  into  blocks,  in- 
of  beinjc  used  in  fragments;  but,  as  a  rule,  for  fiUer>  ^if  swirill  size, 
the  Utter  method  is  to  be  preferred.  The  so-called  "  sihcated  uarbun  "  ta 
also  presented  In  the  form  of  blocks,  and 
consists  of  the  residue  of  the  distillation 
of  A  variety  of  bituminous  shale.  Thus  it 
18  B  coke  mixed  with  mineral  matter.,  lu 
the  common  form  of  househohl  filters  of 
this  make  the  block  is  comenle<l  as  a  par- 
tition into  an  earthen  Jar,  and  is  not  read- 
ily cleaned.  The  material  is,  however, 
4|uite  oflicient  as  a  chemienl  filter,  and  the 
«)iffinulty  of  closing  is  obviated  in  the 
taok-tilters  by  allowing-  tlie  water  to  pass 
first  through  sand,  which  removes  the 
bulk  of  the  suspended  matters. 

Another  material,  which  Ita^  latelj' 
come  into  use  to  a  considerable  extent 
in  England,  is  what  is  known  as  "s]>ongy 
iron."  It  was  observed  a  long  time  ago 
that  metallic  iron  possessed  the  property 
of  removMig  considerable  quantities  of 
organic  aiatter  from  solutions  containing 
it;  and  iron  in  turnings,  and  in  other 
forms,  haa  been  proposeil  and  used  to  a 
vcrj'  limited  extent  as  a  means  of  jmrify- 
ing  water.  The  material  at  present  al- 
luded to,  and  which  forms  the  essential 
part  of  IJischofs  Patent  Spongy  Iron  Kil- 
ter, is  an  iron  which  has  bevn  reduced 
from  a  heunitite  ore  without  fusion,  and 
U  consequently  in  a  porous  and  finely- 
divided  condition. 

Fig.  30  rt-prtiscnta  on©   form  of  filter 
where  the  water  is  supplied   fn-tn  an  in- 
verted Irottle,  which   must  be  reiilled  as  often  as  empty.      Fn  other  forms 
the  resenroir  of  unfiltorc<I  water  is  kept  full  by  being  connected  with  the 

ioe-pipc  by  means  of  a  ball-cock  attaclimeiit.     The  material  of  all  the 
Is  is  earthenware. 

The  spongy  iron    is  also  employed  on  a  larger  scale  in  tank*Hlters. 
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There  is  no  doubt  that  spongy  iron  ie  very  efficient  in  ilestruymg  or  at 
IraRt  removing'  a  constdomblf*  proportion  of  tJic  tlisscilvptj  orj^nic  matter 
wltich  oiiours  in  natural  wairrs,'  but  the  Biters  are  open  to  several  objec- 
tions. First,  there  is  some  Uilliculty  in  obtaininf^  the  filtenMi  water  tnv 
from  inm.  The  filters  are  *«»nstru<*tefl  with  a  view  to  the  retnoi'al  of  the 
iron  by  the  subHetiueut  passaj^  of  the  water  through  frairments  of  flint 
and  quarts  sand,  with  which  has  been  mixed  pyrulusite,  the  native  oxide 
of  inaiig^ant'se.  But  in  sjiitu  of  tliii;,  the  filtered  water  does  contain  iron. 
Moreover,  the  eonKtnictton  of  the  jiortahle  filters  is  not  such  as  would  nteet 
with  favur  in  American  hutisehulds.  A  filter,  such  as  shown  in  Fig.  30. 
which  i8  '-^1  foiit  ill  height  nnd  8  inehe:}  tn  diameter  at  the  bottom,  costtv 
about  t7.50,  and  delivers  only  nine  gallons  in  twenty-four  hours.  If 
the  liltered  water  reservoir  wore  €»mpty,  it  would  take  three-quarters  of 
an  hour  to  draw  a  quart  of  filtered  water.  Even  with  the  lar^e  sizes 
the  filtration  is  vi^ry  slow.  Thus  n  larger  sixe,  wlneh  eostH  about  ^^G, 
filters  only  sixty-four  gallons  per  day,  that  is  at  the  rate  of  about  a 
quart  in  five  iniuutea. 

On  the  whole,  there  is  no  better  wibslance  for  ordinary  household 
filters  than  animal  cliare-oal.  The  charcoal  .should  be  renewed  from  timr 
to  time;  how  often,  will  depend  uj>on  the  character  of  the  water  and  thr 
amount  passed  through  the  filter.  If  the  coal  be  in  blocks,  the  clogging 
of  the  pores  will  indicate  the  necessity  for  cleaning;  if  in  granules  (which 
on  many  accounts  is  preferable),  it  may  be  well  to  renew  the  rhnrcoa* 
onee  in  six  or  twelve  months,  according  to  the  amount  of  watnr  us(*d.  In 
the  case  of  a  filter  fixed  with  some  pcrmanenoe,  it  is  worth  while  to  have 
made  a  simple  chemical  examination,  if  there  is  reason  to  suspect  the 
efficiency  of  the  fiUen  this  will  indicate  whether  the  work  is  still  l>eiug 
properly  performed.  It  is  true  in  the  case  of  these,  as  of  filters  in  gen- 
eral, that  unless  attention  is  paid  to  them,  and  they  are  cjeaned  at  proper 
intervals,  their  presence  is  worse  than  useless. 

We  come  now-  to  the  discussion  of  filters  suitable  for  large  tanks  or 
cisterns.  Most  of  the  materials  iti  common  use  as  filters  can  be  obtained 
in  forme  suitable  for  insertion  in  ordinary  tanks  or  eistenis,  from  which 
the  filtered  water  can  be  delivered  by  gravity,  but  cisterns  for  the  atoragt* 
of  rain-water  are  more  commonly  built  underground  or  in  the  cellar  of  thc 
house.  A  common  method  for  filtering  the  water  from  such  cisterns  is  to 
construct  a  partition  of  }>orous  bricks,  setting  off  a  portion  of  the  etstem 
as  a  pump-wcIl  into  which  the  water  can  enter  only  by  paasing  througli 
the  liricks.  One  form  of  construction  is  reprejiented  in  the  accompanying 
cui  taken  from  Scrilfner^a  Monthlff  Jfu</a£ine  for  September,  1877. 

When  the  brick  partition  is  new,  it  is  undoubtedly  of  good  aerrioi; 


'  I  am  aware  of  r<ioont  German  experiments  which  tend  to  dwcnvdit  the  ralneof 
spongy  iron  as  a  piirifyiDg'  mediam  (l)r  L.  Lewin,  Zeit«cluift  fUr  Biolo^*,  XIV. 
(1678),  p.  504).  TheMe  experiineata,  it  seems  to  me,  were  unfair  to  the  filter,  wUah 
was  expected  to  perform  that  w)iich  it  never  claimed  to  do.  On  tb«  other  hand,  then 
la  T«i7  likely  in  Englibnd,  on  the  part  of  the  iuventor  and  othem.  a  tendency  to  onr- 
rate  th«  valnc  of  the  material. 


but  it  80OU  becomes  clogged,  and  covered  on  the  outside  with  a  deposit  of 
organic  matter,  so  that  after  a  time  the  water  wliieh  passes  thrmigh  the 
brick  wall  must  Hrst  have  an  opportunity  to  Icuch  out  what  it  can  from 
this  mass  of  decaying  matter.  Fortunately  in  many  cases  this  clogging 
BO  interferes  with  the  pa^i^a^t;  of  water  through  the  wall»  that  attention  i& 
called  to  the  fact,  the  cit<t<'^ni  is  cleaned, 
and  the  filtering  wall  is  cleaned  or 
renewed;  but  where  the  tilterinji;  sur- 
face is  large,  and  the  riltercd-water 
chamber  of  considerable  size,  the  water 
Diay  be  in  many  cascKsiipplicKl  in  sutti- 
cioDt  amonnt  long  aftf-r  tlie  proc<^ss 
of  filtration  is  an  injury  rather  than  a 
benefit.  Some  of  the  deposit  taken 
from  the  surface  of  such  a  filtering- 
wall  recently  came  under  the  observa- 
tion of  the  writer.  It  contained  a  con- 
siderable amount  of  animal  matter  in 
the  remains  of  various  insects,  worms, 
etc.  Chemical  examination  showed  that  it  contained  19.8  per  cent,  of  or- 
f^ntc  matter  {i. «.,  luas  un  ignition),  and  this  organic  matter  was  very  nitro- 
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g«nouB;  in  fact,  the  organic   nitrogen  amounted  to  l.U  percent,  of  the- 
whole  mass. 

The  objection  made  to  the  arrangement  which  has  been  described  i» 
aot  to  tlie  malerial;  for  porous  brick  is  efficient  in  removing  suspended 
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inRtterv  froin  wHtiT  |)«»s(>(i  through  it,  and  oommunicateii  nothing  ihftt 
«aii  bo  or  can  bepomo  injttrious.  The  trouble  lies  in  the  fact  thai  the  wall 
soon  beconi<t&  ripggtvl,  unit  as  a  rule  is  not  readitr  accessible.  Moreover, 
when  the  ci»tpm  fiirriii»lios  the  wholo  or  a  large  part  of  the  hoasehold 
supply,  it  is  impossihlp  tti  renew  the  filterinjf  wall  frequently,  or  even 
to  thoroughly  rleari  the  outer  surface.  The  hest  that  oaii  be  done  under 
ordinary  etreutnstiinees  is  lo  clean  the  outer  surfnee  of  the  wall  aa  thor- 
oughly aa  may  be  with  a  stiff  brush  every  few  months,  and  to  renew  th« 
wall  whenever  the  prohability  of  a  rainy  season  aliows, 

The  filtration  in  the  eistern  may,  however,  be  better  areoniplished  in 
other  ways,  twi»  of  which  will  be  indicated.  First,  tn  take  tht*  place  of 
the  wall,  the  filtering  materia)  may  he  arranged  in  a  frame  capable  of  slid- 
ing in  a  groove  and  uf  being  readily  lifted  from  its  place.  The  filtering 
material  may  eunsist  of  porous  tiles  or  of  blocks  nf  animal  charcoal;  and, 
if  duplicate  frames  are  provided,  the  grooves  may  be  &>  tirniiiged  thai  a 
fresh  frame  can  be  lowered  into  place  be/ore  the  old  one  is  taken  away. 
Fig.  32 '  represents  a  cistern  constructed  with  sueh  frames  contain- 
ing blocks  uf  animal  charcoal  as  prepnrcil  hy  Atkins  &  Co.,  Lfuidnn^ 
These  blocks  can  be  readily  cleaned  by  scraping  the  outer  surface  (at  soma 
«xpcnao,  to  be  sure,  of  the  material  of  the  Idoeks),  and  they  can  be  re- 
newe<l  when  necessarv.  They  are  made  f*t  various  densities;  the  most^J 
dense  permitting  the  passage  of  'M)  to  4<i  gallons  per  ^<jua^e  foot  per  day,  ^V 
while  the  most  porous  pass  from  'iMJ  to  IJfiO  gallons.  For  use  in  ordinary  i 
cisterns  tolerably  poroiut  blocks  would  probably  answer  well  enough,  and 
for  such  use  as  this  the  charcoal  is  more  conveniently  employed  in  this 
/onn  of  blocks  than  as  fragments.  ; 

The  arraiigcniiiit   which   has  been   deeoribed  is  rather  expensive  for         '■ 

common  use;  althougli,  if  th« 
necessary  proviisLon  were  madr 
in  the  original  plan  fur  the 
construction  of  the  cistern,  it 
would,  on  the  whole,  be  more 
satisfactory  than  other  plans 
which  involve  less  outlay  at  llif 
start.  A'arious  other  methods 
are  in  use  for  employing  ani- 
mal charcoal  in  risterna,  one  of 
which  is  represented  iu  the 
woodcut  (Fig.  33).' 

This  arrflngcnient  iaopOD  to 
the  common  objection  thal.tlie 
difficulty  of  acci'fts   throws  an 
(ibstttcle  in  the  w»y  of  the  re- 
newal of  tlie  material  as  frequently  a*   nccejisary.     A    better    plan   on 

'  Tnken  by  permiiaion  from  Fiuining'i  Wster-Supplj'  EnfruiMring. 
*  Thin  cut  is  Uken  from  Soribncr's  Uaffaiinc.     Tbf  writ«r  there  qiaaks  of  unoc 
wood  oharooal  .  animal  charcoal  woald  bo  more  effective. 
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mftny  accounts  is  represented  in  Vigs.  34  and  35.  Here  the  box.  whioh 
contains  the  sand  and  charrnal,  is  c»upled  on  to  the  suction-ptpe  of  tho 
pump.     The  box  can  be  removed  from  time  to  time,  say  once  a  year  at 
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leaHt,  and  the  contents  renewed.  These  figures  are  taken  from  Bailey 
Dvntotrs  "  Sanitary  Engineering;.*'  The  sninc  object  may  be  accom- 
plished by  other  devices,  among  irliich  arc  several  wliich  rest  on  the  uise 
of  the  compressed  blocks  similar  to  those  spoken  of  above. 

Oh  tfie  So/tuning  of  If*trd  VTiUer. 

The  disadvanta^  of  hard  water  for  domestic  use  haa  already  been  re- 
ferred to.  Hurtlne^s  is  not  puculiar  to  watur  from  any  one  source;  riven* 
and  lakes,  springs  and  wells,  are  all  liable  to  furnish  hard  water  when 

\  thej  are  situated  in  reg^ioQs  which  contain  deposits  of  limestone  or  of 
g%'ji8um  or  of  magnestan  minerals.  To  understand  the  processes  em- 
ployed for  softening  hard  water^  it  is  necessary  to  understand  the  caube 
of  the  properly  which  wc  designate  as  hardness. 

There  arc  many  mineral  compounds  which,  if  present  in  water,  give  to 
It  this  property,  and  thus  render  it  unKt  for  domestic  use.  The  most  com* 
munly  occurring  of  these  substances  are  the  carbonate  of  lime  and  the 
carlx>nate  of  magnesia,  the  sidphate  of  lime  and  the  sulphate  of  magnesia. 
We  will  first  consider  the  effect  of  the  carbonates,  and  in  what  follows 
nearly  all  that  is  said  about  carfionate  of  lime  will  apply  also  to  carbonate 
of  magnesia.     Neither  carbonate  of  lime  nor  carbonate  of  niagneiiia  is 

'  dissolved  by  pure  water  to  any  considerable  extent  ;  if,  however,  the  water 
be  chaffed  with  carbonic-acid  gas    its  solvent   power  is  very    much  in- 

I  creased  and  a  considerable  quantity  of  the  carbonates  will  go  into  solution. 
This  is  generally  explained  by  supposing  that  there  is  actual  chemical 

'  combination  between  the  carbonic  acid  and  the  carbonate  of  lime,  forming 
what  is  called  a  bicurfiouate.  Since  meteoric  water,  in  its  passage  through 
rhe  air  and  ground,  always  absorbs  carbonic  acid,  and  since  carbonate  of 
lime  is  widely  diiTusnd  as  limestone,  marble,  chalk,  etc.,  it  is  not  surprising 
that  many  natural  waters  are  hard  on  account  of  the  dissolved  bicarbonate 
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of  lime.  Such  water  may  be  softcued  in  several  ways.  If  common  soap 
bp  adde<l  to  the  water,  the  water  seems  to  curdle,  hut  refuses  to  funn  a 
froth  or  *'  sudti  "  until,  by  the  mutual  action  of  soap  aud  bicarbonate  of 
lime  on  each  other,  the  lime  18  nearly  all  converted  into  an  insoluble  lime- 
soap  which  forms  the  curd  alluded  to.  After  this  point  is  reaehud,  any 
additional  soap  becomes  availahle  for  washing,  but  this  method  of  Miflen* 
ing  is  an  expensive  one.  Another  method,  often  iMuployecI  in  the  boasr- 
hold,  consists  in  addin^^  onlinary  carbonate  of  soila  (washing'  soda»  ^oda 
crystals)  to  the  water.  The  chemical  effect  of  adding  carbonate  of  *o<U 
to  the  bicarbonate  of  lime  is  to  form  bicarbonate  of  Moila.  which  is  soluhJe 
in  water,  and  carbonate  of  limo,  which  is  practically  insoluble,  and  »-hich, 
by  this  means,  is  removed  to  a  large  extent  from  the  water  and  settles  at> 
a  fine  powder  if  thn  water  Is  allowed  to  stan(L  A  simpler  metho^l  thsn 
either  of  the  two  foregoing  consist«  in  boiling  the  water  for  half  an  hour 
or  more.  The  boiling  causes  the  expulsion  as  gas  of  the  carbonic  acid, 
the  presence  of  which  enabled  the  water  to  dissolve  the  carbonate  of  ltm«; 
when  this  carbonic  acid  is  driven  off,  the  carbonate  of  lime  remaining 
settles  out  as  a  fine  white  powder.  The  deposit  which  settles  from  tbi- 
boiling  water  adheres  more  or  less  to  the  bottom  and  liidcs  of  the  vetAfl 
in  which  it  is  boiled,  and  often  causes  serious  trouble  in  steam* boilers. 

None  of  the  three  methods  just  mentioned  is  practicable  on  the 
large  scale.  It  is  possible,  however,  to  soften  such  water  even  on  the 
6ea.le  necessary  when  dea,ling  with  a  general  water-supply.  The  metliod 
employed  was  invented  and  patented,  about  the  year  1844,  by  Thomis 
Clark,  professor  of  chemistry  in  the  University  of  Aberdeen  ;  bat  the 
patent  has  now  expired.  The  process  is  a  strictly  chemical  one,  and  may 
be  explained  as  follows:  If  we  take  66  pounds  of  pure  tjuicklime,  and  ex- 
pose it  to  moist  carbonic  acid,  it  will  absorb  44  pounds  of  carbonic  aoid, 
and  unite  chemically  with  it.  After  the  chemical  union,  we  shall  have  as 
a  result  IQO  pounds  of  carbonate  of  lime.  As  already  said,  this  carbonate 
of  lime  will  not  dissolve  of  itself  to  any  extent  in  water;  but  in  the  pres- 
ence of  carbonic  acid  there  is  fonncd  soluble  bicarbonate  of  lime;  and  the 
amount  of  carbonic  acid  necessary  to  convert  100  pounds  of  carbonate  o( 
lime  into  bicarbonate  is  44  pounds,  or  an  amount  e^actii/  equal  fo  that 
xehich  is  already  cuntbined  in  the  1(K)  pound-K  ofatrhoneUt.  Suppose  that 
we  have  proceeded  in  this  way,  and  have  our  144  pounds  of  bicarbonate  of 
lime  dissolved  in  water.  If  now  we  slake  56  poiuids  of  quicklime,  and  adJ 
to  the  solution,  this  vrill  combine  with  the  44  pounds  of  extra  c^rbonio 
acid,  and  form  100  pounds  of  carbonate  of  lime,  in  addition  to  the  origi- 
nal 100  pounds,  which,  being  now  robbed  of  the  carbonic  acid  which  kepi 
it  in  solution,  will  separate  out  from  the  solution  as  a  white  powdej-  aloof 
with  the  newly  fonned  carbonate  of  lime.  It  is  to  h^^  said  that  carbonatr 
of  lime  is  not  absolutely  insoluble  in  water,  and  after  the  softening  a  small 
amount  remains  in  the  softejied  water,  not  enough,  however,  to  be  ob- 
jectionable. 

In  the  ease  of  any  given  water,  the  amount  of  lime  necessary  may  be 
determined  by  arutlysis;  or  it  may  be  run  in  until  it  is  evident  from  oe^ 
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isiit  simple  chemical  tests  that  enough  has  been  added.  The  lime  is  em- 
ployed as  lime-water,  or,  rather,  milk  of  lime.  After  the  treatment,  the 
wat*v  i»  allowed  to  suhHide  for  from  12  to  24  hours,  and  drawn  off  from 
(he  sediment.  The  readiness  with  which  the  finely  divided  carbonate  of 
lime  settlers  tlepends  somewhat  upon  the  character  of  the  water;  and,  as 
it  settles,  it  drags  down  with  it  and  removes  from  the  water  a  not  in- 
ronsiderable  proportion  of  the  organic  matter  present;  if  the  water  is 
colored  hy  poaty  matter,  a  very  appreciable  dccolorization  is  offoctod. 
Kxperience,  however,  would  seem  to  show  that  the  process  gives  the  best 
results  with  water  whi<ih  i»  naturally  clear,  such  as  spring  water;  and, 
in  the  case  of  turbid  river  waters,  the  softening  process  should  be  followed 
by  filtration. 

Whether  the  process  has  been  employed  to  any  extent  in  this  country 
the  writer  is  not  able  to  say.  It  bos  been  used  in  Kngland  In  some  locali- 
ties where  it  was  necessary'  to  soften  as  much  as  1,000,000  gallons  of 
water  daily,  and  it  could  be  employed  for  larger  quantities.  As  is  the 
ouie  with  other  similar  operations  conducted  on  the  large  scale,  a  very 
important  question  is  how  to  dispose  of  the  sediment  or  sludge.  This 
sediment,  if  the  water  is  tolerably  pure,  is  white,  and  when  dried  can  be 
sold  as  whiting  or  for  any  use  to  which  powdered  chalk  or  marble  is  put. 
A  portion  could  be  dried  and  burned  into  lime,  and  thus  be  used  over 
a^ia  in  softening  additional  quantities  of  water;  but  there  would  always 
be  a  great  deal  to  dispose  of,  because,  in  addition  to  the  carbonate  ot 
lime  formed  from  the  lime  employed,  an  equal  quantity  is  taken  from  the 
water  which  is  softened. 
^m  The  expense  of  the  process  depends  upon  the  facilities  for  disposing 
B  of  the  whiting  produced.  In  some  localities  it  would  be  readily  disposed 
of  and  pay  a  large  proportion  of  the  expense  of  softening  tlie  water;  in 
fjlher  localities  it  would  probably  beg  for  a  market.  The  pnicess,  how- 
ever, is  one  which  deserves  a  much  wider  application  than  has  yet  been 
made  of  it.  It  should  be  said  that  the  hardness  caused  by  the  presence 
«»f  bicarbonate  of  lime  (or  magnesia)  is  called  "temporary"  hardness,  be- 
cause it  may  be  removed  by  boiling.  Some  waters  are  said  to  have 
"  permanent"  hardness;  they  are  not  softened  by  boiling  or  by  Clark's 
prooeaa,  and  the  hardness  is  generally  due  to  the  presence  of  sulphate  of 
lime  (gypsum),  although  the  sulphate  and  other  soluble  uompouiids  of 
magnesia  have  the  same  effect.  There  is  no  economical  process  which  is 
practicable  on  the  large  scale  for  softening  such  waters,  and  a  water  which 
hoa  a  high  permanent  hardness  is  unsuited  for  general  use.  Oti  the  small 
scale  such  water  may  be  softened  by  carbonate  of  soda,  which  acts  upon 
the  soluble  sulphato  of  lime,  converting  it  into  carbonate  of  Hmc,  which, 
MB  WO  have  already  seen,  is  nearly  insoluble  in  water.  The  effect  of  such 
a  hard  water  upon  soap  is  the  same  as  that  of  a  water,  the  hardness  of 

•  which  is  due  to  the  presence  of  bicarbonate  of  lime,  but  there  is  a  con- 
siderable difference  in  the  character  of  the  deposit  or  incrustation  which  is 
formed  in  steam-boilers.  The  sulphate  of  lime,  although  somewhat  solu- 
ble in  cold  water,  deposits  because  it  is  almost  completely  insoluble  iu 
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water  having  &  teinporattire  of  about  130°  C,  a  temperature  which 
reached  wheii  ihe  prossure  of  steam  in  tlic  boiler  is  that  of  ^  atn 
pheres.  Jt  fonns  a  ucale  which  is  very  cuhereiit  and  difficult  to  detadi|> 
while  tlic  carbonate  of  lime,  in  the  ahsetico  of  other  deposits,  gonrnilly 
settles  as  a  loose  sludge,  which,  however,  under  some  circumstances,  be- 
comes tolerably  compact.  A  particular  diKcnmion  of  boilor  incrustation 
and  of  the  equally  important  boiler  corroeiou  hardly  comes  within  the 
BGopc  of  the  prcBeut  treatise. 


Chemical  TVeatmeni. 

The  chemical  treatment  of  water,  in  order  to  make  it  potable,  is  seldom 
undertaken  on  the  large  scale,  except  so  far  as  to  remove  the  carbonate 
of  lime  by  Clark's  process,  Just  described.  On  the  small  scale  and  under 
peculiar  circumstances,  such  as  in  an  army  on  the  march  or  in  an  enemy's 
country,  where  good  water  cjiiniot  be  had,  chemicftl  processes  may  bo  and 
have  been  carried  out.  Distillation  is  practised  on  shipboard  and  in  a  fnw 
unfavorable  localities  on  land.  Treatment  with  permanganate  of  potash 
(or  permanganate  of  potassium),  which  can  now  be  bought  quite  pure  in 
the  crystallixed  condition,  serves  a  good  purpose  as  far  as  it  goes.  Tt  acts 
readily  upon  oi^nic  matter  in  a  certain  Hiage  of  decay,  and  destroys  sul- 
phuretted hydrogen  and  other  offensive  gases,  ijomc  organic  substances, 
however,  are  not  affected  by  it,  and  there  is  no  security  that  a  dangerous 
water  can  be  made  safe  by  its  uae.  The  permanganate  of  potash,  which 
is  itself  highly  colored,  is  applied  in  solution,  and  it  is  added  in  succi'-ssive 
portions  in  quantity  sufficient  to  impart  a  faint  pink  color  to  the  water,  a 
tint  which  remains  permanent  for  five  or  ten  minutes.  By  the  decomposi- 
tion of  the  permanganate  there  is  fonned  finely  (lividt^l  oxide  of  manganese, 
which  may  be  removed  by  filtration,  although  it  i.s  probably  not  injurious, 
Ht  k'ast  in  the  quantity  in  which  it  would  thus  be  taken. 

Alum  is  used  very  frequently  with  turbid  waters.  In  many  c4Lses  the 
action  depends  upon  the  prffsence  of  carbonate  of  lime,  which,  witli  the 
alum,  forms  »nlpbute  of  lime  and  a  hydrate  of  alumina,  while  carbonic  acid 
is  fet  free.  The  hydrate  of  alumina  settles  and  carries  with  it  the  sus- 
pended matter.  In  the  absence  of  carbonate  of  lime,  a  little  cnlcium 
chloride  and  carbonate  of  wjda  may  be  added  to  the  water  after  the  alum 
has  been  added. 

Perchluride  of  iron  acts  in  the  same  manner  as  alum,  and  it  has  boco 
proposed  to  apply  the  method  on  the  large  scale,  adding  first  the  per* 
chloride  of  iron  and  then  carbonate  of  soda.  In  this  case  the  precipitate 
is  hydrate  of  iron  (ferric  hydrate),  and  it  drags  down  with  it  the  fine  »a»- 
jwnded  matter  as  well  as  a  small  quantity  of  the  dissolved  organic  siih- 
Ktances. 

The  most  common  and  the  most  simple  method  of  treating  an  impare 
water,  in  order  to  make  it  wholesome,  is  to  boil  it.  Volatile  gms(>«  are 
driven  off  by  this  operation,  and  the  organic  matter  is  somewhat  chi 
iu  character.     It  would  seem  that  in  aomec^es  dangerous  germs  (if  thora* 


l>IU>KlNO-WATt;K   ANi*    IHilUC    VV'ATER-SUW'LIKS.       287 

r  auclt)  are  killed;  at  any  rate  it  has  Ix-eii  proved  beyuiid  iiuestioii  that 
Re  particular  waters  cause  sickness  when  drunk  directly,  but  produce 
tto  disagreeable  effect  when  drunk  after  being  boiled.  The  efTect  seems 
to  t>c  more  batisfatitory  if  tea-leaves  ur  other  somewhat  ajitringeat  v^e- 
table  matters  are  boiled  with  the  water. 


On  the  EjS^cci  of  Contiuits  and  J)Mtrihutloti  Pipts  ujwh  PtiUtUe  WcUer, 

Moat  of  the  questions  arisinj;^  with  reference  to  the  conveying  of  water 
ill  conduits,  and  its  distribution  by  mains  and  service* pipes,  arc  of  an  on- 
l^ine«ring  characl«r.  There  are  a  few  points,  however,  of  sanitary  impor- 
tance. As  far  as  masonry  conduits  ot  aijueducts  aw  concerned  little  is  to 
be  said  ;  such  conduits  should  be,  and  gcMerally  are,  covered,  us  a  me&n& 
of  protecting  the  water  from  accidental  defilemenl.  The  water  has 
some  action  on  the  mortar  or  cement  to  which  it  is  exjioHcd  and  becomes 
appreciably  harder ;  this  is  especially  the  case  while  the  masonry  is 
new. 

The  material  most  commonly  employed  for  thu  main  distribution  pipes 
'  is  cast-iron.  Cast-iron  Is  readily  acted  upon  and  oaused  to  rust  by  most 
waters,  and  the  water,  by  exposure  to  the  iron,  acquires  more  or  less  of  a 
rusty  character.  T)ie  presence  of  what  little  iron  is  actually  dissolved  is 
uf  no  stgniticance,  and  the  suspended  particles  of  iron  rust  can  Imi-iUy  be 
regarded  as  deleterious  to  health.  The  water  is,  however,  sometimes  ren- 
dered unfit  for  washing,  and  becomes  objectionable  in  appearance.  The 
action  on  the  pipes  is  so  great,  esjrecially  when  soft  waiers  are  conveyed 
through  them,  that  they  are  seldom  used  now  oKcopt  the  surface  be  pro- 
tected in  some  way  from  corrosion.  The  process  cornhionly  employe<l  is 
that  devised  by  Dt,  K,  Angus  Smith  :  the  newly  cast  pipes,  which  must 
be  free  from  rust,  are  heated  to  a  temperature  of  some  ,')00*  Fahr,,  and 
then  ilipped,  perpendicularly,  into  a  hot  bath  nf  coal-tar  pitch  mixed  with 
a  small  proportion  of  heavy  cual  oiL  In  this  hath  they  are  allowed  to  re- 
main for  a  short  time  and  then  withdrawn.  The  firmly  coherent  coating 
thus  formed  does  not  affonj  absolute  protection  against  rust,  but  it  has 
proved  very  efEeient  in  practice.  Of  course,  from  a  saiiitttry  point  of 
view,  this  surface  is  as  good  a  one  as  oould  be  desired. 

It  has  more  recently  been  proposed  by  Professor  BarfF,  of  London,  to 
protect  articles  of  iron,  among  other  things  water-pipes,  from  corrosion, 
by  covering  them  with  an  artificial  coating  of  the  black  oxide  of  iron. 
The  coating  is  |>roduced  by  exposing  the  metal  to  superheated  steam  at  a 
high  temperature,  and  when  once  formed  it  protects  the  iron  from  atmos- 
pheric and  other  agencies  which  would  corrode  it.  If  the  process  proves 
practicable  aa  far  as  expense  goes,  it  will,  no  doubt,  be  of  gi-eat  use,  espe- 
cially in  protecting  iron  service- pi  pes. 

The  way  in  which  the  pipes  are  connected  together  is  not  without  in- 
fluence on  the  water  transmitted  through  them.  Cast-iron  pipes  are  now 
usually  connected  by  means  of  what  is  called  the  hub  and  spigot  joint, 
one  fbrtn  uf  which  is  shown  in    Fig.    OU.     The   joints  are   usually   first 
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parki'cl  with  tow  or  jute,  and  then  melted  lead  is  run  in  and  drireu  up 
with  a  B«t. 

In  the  cose  of  long  mains  the  tow  may,  for  a  considerable  time  afior 

the  pipe  is  laid,  impart  an  un- 
pleasant thsto  to  the  water  whieh 
pa&sos  through.  Trouble  has 
been  ex]>erienced  in  Kngtand  on 
this  uccoutit,  and  the  Rivera  Pol- 
luiitm  Curamission  recuminen*! 
that,  ill  the  case  of  all  mains  of 
HulBeient  ttize^  the  joints  should 
be  earefulljr  pointed  up  with 
iViriland  ci^ment  from  the  in- 
side, 8o  that  the  water  cannot 
come  into  contact  with  the  tow- 
packinjT.  This  action  will,  per- 
haps, explain  in  part  the  fact  of  the  deterioration  of  water  in  "  dead-ends," 
which  is  usually  awribed  to  the  sta^atloii  of  the  water. 

In  this  country',  wrought-iron  pipes,  coated  within  and  without  with 
cement,  are  used  in  many  plaeos,  and  Ht  times  such  ])ipes  can  be  laid  much 
more  cheaply  than  cast-iron  pipes.  There  is  some  quetjlion  as  to  ihvir 
durability,  but  most  of  the  apparent  failures  are  due  to  imperfections  in 
the  original  work,  especially  in  applyinif  the  cement,  or  in  mixing  the  w- 
mcnt  with  sand — a  practice  which  seems  to  be  unwise.' 

The  pip«a  are  made  of  slieet-irun,  with  the  edges  rdlleil  together  and 
riveted,  as  shown  in  section  in  Fig.  37.     By  the  use  of  a  longitudinal  rib, 


Fia  aa. 


Pio.  37. 


Fio  38 


as  shown  in  Kig.  38,  or  by  other  donees,  the  pipe  may  be  made  wate^ 
tight,  even  under  a  very  considerable  pressure.  Where  the  lengths  of 
pipe  come  together,  the  joint  is  usually  covered  with  a  wrought-iron  sleevi* 
filled  in  with  cement,  as  shown  in  Fig.  39.  Sometimes,  however,  the  ends 
of  the  pipes  are  shaped  in  such  a  manner  that  the  lengths  can  be  tele- 
scoped together  so  as  to  form  a  lap  of  several  inches.  However  arranged, 
the  result  is  a  continuous  coating  of  cement  within  the  pipe,  and  the  eJToct 

'  S«o  u  dificusaion  of  this  subject  hi  the  Report  of  the  Boanl  of  Water  CommiBUio- 
era  of  the  City  of  Hprin^fivld.  Mass.,  1970. 
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open  the  water  is  such  as  has  been  described  in  the  case  of  aqueducts  of 
masonry. 

The  service -pipes,  by  vbicb  the  water  is  conveyed   from  the  street 
mains  to  the  bouses,  are  most  frequeotly  nude  of  lead.     On  account  of 


r 


I 


F- 


the  known  poisonous  character  of  the  soluble  compounds  of  lead,  the 
cjuestion  of  the  propriety  of  surli  use  lias  often  anseii,  and  has  been  often 
discnssed.  It  Is  true  that  all  imiural  water  acts  upon  brip;ht  lead  to  a 
greater  or  leas  extent,  but  in  the  case  of  inotit  jKitable  waters  the  action 
on  the  pipes  soon  becomes  almost  iniperc«ptib]e.  This  decrease  in  the 
rapidity  of  the  action  is  due  to  the  formation,  in  the  interior  of  tlie  pipes, 
of  a  protecting  coating  of  various  insoluble  compounds  of  load.  Although 
for  many  years  lead  pipes  have  been  almost  universally  used  in  city  dis- 
tribution, cases  of  leud-puisouin^  from  tins  cause  are  of  very  rare  occur- 
rence. The  water  of  Lake  Cochituate,  as  supplied  in  Boston,  Mass., 
through  lead  pipes,  always  contains  traces  of  lead  in  solution,  but  it  is 
said  that  there  is  no  well-authenticated  rase  of  lead-poisouing  from  the 
use  of  this  water.'  Analysis  has  shown  that  the  amount  of  Wd  taken  up 
by  the  water  in  passing  through  some  150  feet  of  pipf,  which  has  U'en  in 
us«  for  some  years,  is  only  0.0:J  parts  in  100,000,  or  less  than  0.0-^  grain  in 
the  U.  S.  gallon.  Water  which  is  allowed  to  remain  in  the  pil>e  for 
acme  time,  or  is  drawn  from  the  hot-wat<T  faucets,  may  cotitaiii  hh  much 
ftfi  U.l,  or  even  0.2  part  in  100,000  (from  O.OG  to  0.12  grain  in  the  gallon)^ 
and  wherever  lead  distribution  pipt'S  are  in  use  it  is  safer  always  to  nin 
to  waste  enough  water  to  clear  the  pipes;  and  never  to  use,  for  drinking 
or  for  cooking,  water  which  has  paa.-M^d  through  the  pipes  wlnle  hot.  The 
amount  of  lead  necessary  to  produce  injurious  effects  c4innot  he  stated,  as 
there  ia  very  great  difference  in  the  susceptibility  to  lead-poisoning;  some 
authorities  hold  as  little  as  one-fortieth  of  a  grain  in  the  gallon  to  be  un- 
safe, although  few  persons  would  be  sensibly  affected  hy  this  amount. 
The  Crolon  water  supplied  to  New  York  City  is  similar  to  the  Boston 
water  in  its  action  on  lead,'  although  at  least  one  cA«fi  of  poisoning  ha3 
been  reported,  which  was  supposed  to  be  due  to  the  daily  use  for  some 
time  of  water  which  had  stood  over  night  in  the  pipes. 

The  water  of  many  wells  acts  violently  on  lead,  so  that  it  may  be  stated, 
oa  a  general  rule,  that  lead  pipes  should  not  be  used  for  oonvcying  well- 

■  Bee  Report  of  (he  Masa  Slate  Board  of  Health.  1871. 
*  Bee  Report  of  tbe  Mniropolitan  Board  of  HeiLlth,  Xew  Torlc.  1809,  p.  420. 
\uL.  I.— JU 


^90      OK   DRIKKING-'WATEB    A>T)   PUBLIC   WATEtt-SUPPLLES. 

water.     Moreover,  a  portion  of  any  suction-pipe  drawing  w»Uir  fitim 
well  is  exposed  to  tlto  iilttiniute  action  of  air  and  water,  and  such  circiim- 
Btauces  are  very  favorable  (or  corrosion. 

Utlier  materials  besides  lead  have  been  and  are  used  for  service-pi  pea. 
Block  tin  is  perhaps  aa  g^ood  an  any,  from  a  sanitary  point  of  viow;  but 
when  laid  in  nmist  ground  it  i«  ralber  rapiilly  corroded;  it  is»  moreover, 
somewhat  ex|}ensive.  The  lin-liiiod  Ifad-pi]>e  affords  most  of  the  advnu 
tHges  possessed  by  the  block-tin:  it  is  important  that  the  tin  used  in  lis 
manufaoture  be  pure,  and  that  tho  connections  be  made  in  auch  a  way  as 
not  to  expose  any  lead  to  the  action  of  the  waier.  Since  In  the  ordinarj 
.process  of  connecting  the  pipes  there  is  liability  of  exposing  the  surfare 
uf  lead,  peculiar  couplings  have  been  de\'ised,  but  they  are  by  uo  means 
generally  employed. 

Various  sortji  of  "  enamelled  "  wrought-iron  pipes  are  in  the  market. 
The  coating  or  enamel  is  generally  some  preparation  of  coal  tar,  with  nr 
without  Unseed  oil,  and,  where  it  is  properly  applied,  it  Is  quite  durtbje, 
and  protects  the  iron  from  the  action  of  water.  This  sort  of  pipe  is  par 
ticularly  adapted  for  use  in  wells,  where  a  portion  of  the  outer  surface  i» 
exposed  alternately  to  tho  action  of  air  and  water. 

Zinced  or  "  galvanized  '*  iron,  as  it  is  called,  is  often  used  as  a  material 
for  water-pijies.  It  is  prepared  by  dipping  the  iron,  previously  well 
cleaned  by  means  of  dilute  acid,  into  a  hath  of  melted  zinc.  Tlie  zinc  ad- 
heres Hnniy  to  the  surface  of  the  iron,  and  penetrates  it  to  a  certain 
extent,  so  that  we  do  not  deal  with  a  simple  coating,  such  as  we  have  on 
tinned  iron,  or  on  the  various  forms  of  enamelled  pipe.  AVhen  the  sinced 
iron  Is  exposed  to  the  action  of  water,  corrosion  begins  at  once,  and  goen 
on  with  greater  or  less  rapidity.  At  first  the  action  is  on  the  sine  alone, 
provided  the  original  iron  was  free  from  rust, and  the  treatment  with  xiin* 
was  thorough;  but  after  a  time  the  zinc  wliieh  remains  will  cease  to  pro- 
tect tho  iron,  and  imn  rust  will  begin  to  form.  As  regards  this  action, 
it  is  simply  a  question  of  time.  Water  that  has  passed  through  zinced 
pipes  will  1)0  found  almost  always,  if  not  invariably,  to  contain  rinc  com- 
pounds, either  in  solution  or  in  suspension;  the  amount,  however,  is  » 
small  that  it  is  not  to  be  regarded  aa  deleterious  to  health.' 


Impitre  Tt'f.. 

In  connection  with  a  discussion  of  matters  relating  to  water-supply. 
something  should  be  said  about  impure  ice.  Ice  is  used  to  an  enormous 
extent  in  many  parts  of  the  ITnited  States.  Whore  tho  water  i»  taker 
from  running  streams  or  from  ponds, or  is  stored  in  uncovered  reser^oin. 
it  becomes  in  summer  very  warm.  In  fact,  oven  in  the  Northern  State* 
the  wat«r  is  sometimes  so  warm  as  to  require  an  equal  weight  of  i« 
in  order  to  make  it  cold  enough  to  drink.  It  is  very  important  thai 
the  ioe  should  be  of  good  quality.     It  is  well  known  that  water  in   free*- 

'  For  a  full  dinciiwiion  of  Oii«  Rat^eot,  see  Dr.  Bosrdmui'i  paper  in  the  Bsport  af 
ttM  Kam.  Stote  Board  of  Health  for  1874, 
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in^  oxolttdcs  forei^  substances,  and  that  ice  is  always  purer  titan  tli« 
vrater  on  which  it  forms;  on  this  account  there  is  roally  little  csmae  to 
suspect  contamination  of  the  ico  wht-n  it  is  cut  in  nioH era tp|y  deep  ponds. 
It  flometimps  happtMis  that  tlie  minute  algie,  which  were  spoken  of  on 
page  v37,  6oat  up  ly  the  top  of  the  pond  in  winter,  and  are  frozen  into  the 
ice^  This  may  make  the  ico  unmarketable  on  account  of  its  appearance; 
iBat  it  is  injurious  to  health  is  doubtful;  but  if  the  algie  arc  in  the  ioc,  tho 
water  &houhi  be  filtered  when  used. 

There  hare  been  cases  of  sickness  which  have  been  attributed  to  the 
use  of  impure  ice,  but  in  such  cases  the  ice  has  been  cut  from  sta^ant 
pools  unfit  for  the  purpose.  In  the  summnr  of  1^75,  at  llye  Beach,  a  sea- 
shore w»t«jring  place  in  the  State  of  Xew  Hampshire,  there  was  an  out- 
break of  fticknrs-s  among  the  guests  of  one  of  the  large  hotels,  which  waa 
ascribed  by  theattiMuling  physician  to  tho  ice  which  was  us<?  ].  The  siuktiesa 
was  described  as  "a  disturbance  of  the  digestive  system,  charftcterizcd  by 
ft  sensation  of  ^i<ldiness  and  nausea,  vomiting,  diarrli<x:a,  severe  abJomitial 
pain,  all  of  which  was  accompanied  by  fever,  loss  of  appetite,  continued 
indigestion,  and  mental  depression."  After  the  ji?e  was  suspected  iis  the 
Cftose,  it  was  found  that  it  Itad  been  cut  from  a  smalt  stagnant  i>oud  situ- 
sted  near  the  sea,  until  within  a  short  time  connected  with  the  ocean, 
and  into  which  a  small  brook  entered,  bringini;  a  rpmntity  of  sawdust  from 
several  saw-mills.  Tho  pond  contained  a  large  amount  of  decomposing 
matter,  and  the  gases  arising  from  it  in  summer  were  very  offensive. 

A  portion  of  the  ice  was  carefully  melted,  and  was  found  to  contain 

j  considerable  decaying  vegetable  matter  in  suspension.  A  cheinioal  ex* 
aniinutlon  was  made,  with  the  following  resnUs,  wiiich  are.  for  comparison, 
placed  by  the  side  of  the  results  obtained  from  the  examination  of  ice  of 

[^ood  cjuality:' 

BBSULT3  EXPRESSED  IN  PAHTR  TS  IftO.ftftO. 


Rye  Beacb  Ice. 

Boston  Ice. 

U&fllt«rod. 

FUterad. 

Unfittered. 

0.0208 

0.0213 

o.on;5 

C.88 
2.B4 

0.0045 

0.0704 

0.0050 

7.80 
5.72 

13.62 

n.45 

Organic  and  volatile  matter 

0.31 



Total  solids  at  212*  Fahr. ... 

3.73 
3.23 

0.76 
0.02 

Tt  thus  sppeara  that  ice  cut  upon  a  very  fot 
although,  of  course,  tho  ioe-water  was  not  as  bad 

d  pond  was 
as  the  ponr 

itself  foul, 
l-water.     A 

*  Rw  a  paper  by  A.  H.  Niohola,  HD.,  ia  the  Soreoch  Rpport  of  the  Hua.  Btabe 
Baud  of  Heelih,  1»70,  p.  W>. 
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sample  of  the  latter  was  examined  in  the  summer  of  1875,  takefi  under  as 
favorable  conditions  as  poBsiblCf  with  the  following  rtmults: 

Ammonia 0.0197  in  100,000  paru. 

Albuminoid  ammonia 0.0507  ** 

Chlorine 34.00  " 

Total  dissolved  solids 73.96  " 

These  results  should  be  compared  with  the  61tered  ice-water  above, 
and  it  will  be  evident  that  the  water  in  ttvezin^  reject*  some  foreign  sub- 
stances. This  is  not,  however,  a  purifying  action,  but  amounts  practically 
to  diluting  the  objectionable  matter  or  bringinjf  a  smaller  umouuC  at  one 
time  into  the  system.  On  this  account,  safety  demands  that  ico  should 
not  be  cut  for  domestic  use  on  ponds  or  streams  which  are  so  polluted  u 
to  be  rejected  for  water-supply. 

The  question  with  artificial  ice  is  somewhat  different  from  that  which 
has  been  discussed,  because,  in  the  manufacture  of  artificial  ice,  the  water 
is  frozen  solid,  and  whatever  substances  aro  dissolved  in  the  water  niniaiu 
in  the  ice.  Therefore-,  for  the  mannfucture  of  artificial  ice,  it  is  particu- 
larly important  that  unobjectionable  water  sliould  be  employed. 


Thb  Sahttart  Exauivation  of  Watbr. 

Occasion  for  the  sanitary  examination  of  water  arises  in  two  ways.  In 
the  first  place,  it  may  be  a  question  of  introducing  a  new  systcin  of  wator- 
supply,  or  of  extending  a  system  already  existing  by  octnneoting  additiotial 
sources.  In  the  second  plaec,  it  may  be  a  question  whether  a  water  al- 
ready in  use  is  contaminated,  or  is  in  danger  of  becoming  &o. 

In  cither  case,  an  important  aid  in  the  sanitary  examination  ia  ofTered 
by  chemical  analysis,  although  it  happens  comparatively  seldom  that 
chemistry  alone  is  sufficient  to  decide  absolutely,  as  will  appear  from  wh&t 
follows.  In  discussing  the  chemical  examination  of  water,  we  shall  con- 
sider— first,  in  a  general  way,  the  analytical  methods  which  are  in  commoo 
use,  and  afterwards  the  interprfitation  of  the  results  of  the  analysis  sf* 
oorJing  to  the  various  methods  employed  and  in  conneotion  with  the  ex- 
amination of  di^erent  classes  of  waters. 

In  considering  the  various  mnthiids  employed  in  wateT  analysis*  wa 
may  nlus^tifv  the  substances  occurring  in  a  natural  wator  according  to  Uis 
following  scheme: 


1.  Suspended  matter. , , 

2.  Dissolved  matter.... 


(  TnorgRnio.  /  >  •  i 
i  r\  ■  I  Animal. 
1  Organic      ]  Vogeuble. 


i  Gaseous,  r  r 
'"     So«J  n^r'""*  Animal 


(  Oi^nic 


fStMpctu^Ad  ntftffer. — ^The  determination   of  tho   anspcnded    niatter  is 
quite  simple.     A  puper-tlltur  is  dried  at  1UU°  C,  and  weighed.     A  lurao- 
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orod  quantity  o(  the  water  is  then  passed  through  it,  and  the  filter  with 
its  content*  is  dried  at  the  same  temperature  as  before,  and  ag'aiii  weighed. 
The  difference  in  weight  is  the  weight  of  the  total  susjierKhnl  matter.  The 
filter  is  then  burned  in  a  platinum  crucible,  and  thi;  residue  is  rather 
strongly  heated;  the  weight  of  what  reraaina,  minus  the  weight  of  theasb 
which  the  6lter  is  known  to  leave,  gives  the  weight  of  the  inorganic  mat- 
tor  in  ausficnsion. 

Another  method,  which  is  quite  commonly  employed,  consists  in 
evaporating  equal  quantities  of  the  water  before  and  after  filtration.  The 
difference  in  the  weight  of  the  residues  when  dried  at  the  same  tempera- 
ture may  be  regarded  as  representing  approximately  the  amount  of  matter 
in  suspension.  Of  course,  in  this  way,  all  the  error  of  the  delerniinatimi 
£alU  upon  the  suspended  matter.  Moreover,  it  is  diHieuU  to  take  two 
specimens  of  water  at  the  same  time  which  shall  contain  the  same  amouQi 
of  suspended  matter,  so  that  no  very  great  accuracy  in  its  determination 
is  required,  and  the  csiimation  is  principally  valuable  with  reference  to  the 
question  of  filtration. 

When  we  come  to  express  in  figures  the  results  of  this  and  of  other 
analytical  determinations,  we  find  that,  unfortunately,  there  is  consider- 
able diversity  of  practice.  The  following  are  the  principal  modes  of  ex- 
presfiioa: 

I         (1)  In  grains  to  the  Engliiih  (imperial)  gallon,  which  measures  27? 

'  cubic  inches  and  is  equivalent  to  10  Iba.  or  7(i,0(iO  grains  of  pure  water. 
This  method  Is  still  quite  common  in  EngUirt. 

^(2)  In  grains  to  the  U.  S.  gallon,  which  measures  231  cubic  inches  and 
U  equivalent  to  58,372  +  grains  of  pure  water.  This  method  is  very  oom- 
mon  ID  the  United  States. 

(3)  On  a  deeinial  basis,  either  as  so  many  parts  in  100,000  or  in  1,000,- 
000,  or  as  so  many  milligrammes  in  a  litre,  which  is  tht>  same  thing  as  parts 
in  a  million.     This  method  is  common  in  France  ami  in  Germany,  and  is 

»  coming  into  use  very  extensively  in  England  and  in  this  country. 
BeftidcK  these  methods,  there  are  others  used  by  individual  Huthors,  or 
to  a  limited  extent.  Thus,  in  at  least  one  work  on  mineral  waters  the  saline 
constituents  are  expressed  in  grains  to  the  pint^  and  at  least  one  analyst 
•tetM  hit  results  as  so  many  pounds  in  a  million  U.  S.  gallons.  This 
last  method  is  not  without  reason,  and  is  certainly  better  than  employing 
grains  to  the  gallon,  because  the  amount  of  water  used  or  required  is 
usually  estimated  lu  millions  of  gallons  and  a  pound  convoys  a  definito 
idea  to  most  minds,  while  a  grain  is  a  quantity  uf  which  most  persons 
have  no  oonoeption.  It  would,  however,  be  better  if  it  could  be  agreed 
to  use  the  ''  parts  in  100,000.^  Anyone  can  understand  this  meth'»d,  for 
we  mean  that  there  are  90  many  pounds  of  such  and  »>uch  maieri.il  in 
100.000  pQunds  of  water,  or  so  many  grains 'of  the  material  in  100,000 
•grains  of  water,  or  any  other  unit  may  be  used  and  the  proportion  re* 
mains  the  same. 

Mirroecopical  exnminatiwi. — The  njiture  of  the  matter  uliii-h  a  water 
carries  in  auspension  is  beat  learned  by  microscopical  examination;  tliis  is 
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especiaDy  true  of  the  organic  nutter.  Starch 'grBinSf  hair  of  human 
beings  or  of  domeittic  niiirtialH,  epithelial  smlos,  muNculiir  fihi-^,  wool,  linen, 
cotton — these  are  sulmtances  winch  may  he  recogiiixe*!  without  difficulty 
uuder  the  microscope,  and  are  evidences  of  more  or  le&a  serious  contami- 
nation. 

Alnioet  all  waters  contain  animal  and  plant  life.  Of  animaU,  some 
are  so  large  as  to  be  rernjjrnizeil  Ky  the  utiai<l«^l  eve;  such  are  the  JJaithnia 
ptUeXt  Fig.  •10,  A,  the  L'i/ciyp«  ^uadrtcontis.  Fig.  40,  B,  and  other  similar 


^\ 


h 


Pig.  AO. 


luis 


animals.  These  on^atureSf  although  one  hesitates  to  drink  them  deliber- 
ately, are  no  evidence  of  impurity,  and  ihey  do  ncit  ihetnselvfs  rendtrr  a 
water  unwholesome.  They  occur  in  almost  all  ponds  and  rivers,  and  some 
regard  them  even  as  a  jruarantee  of  purity.  It  is  fair,  however,  to  say 
that  these  animals  secrete  oil  under  their  shells  (on  rapaces),  and  some  have 
ascrihed  disagreeable  tastes  in  pond-waters  to  an  ahtiurmal  amount  of  this 
oily  matter.     The  evidence  in  favor  of  this  explanation  is  not  strong. 

With  regard  to  plants,  something  has  alrea«ly  been  said  about  ccrtaii 
sorts  of  algie.  (See  pp.  "^35  arid  W8.)  The  algn*  as  a  rule,  including 
diatoms  and  desmids,  are  of  little  account  unless  they  increase  to  a  gr^ 
extent  and  decay  in  the  "water.  The  fungi — plants  destitute  of  green  or 
other  colorintj  inntter  and  growing  xipon  or  in  the  presence  of  decaying 
organic  substances — tho  infusoria,  or  at  Ica.st  some  of  the  fonns  of  life 
included  under  this  head,  the  bacteria,  vibrios,  etc.,  must  be  looked  upon 
with  suspicion,  as  they  are  found  in  waters  known  to  be  impure.  ^^ 

Gaaeoui  »ubstanct«. — \\''iih  occasional  exceptions,  no  water  which  wj^M 
likely  to  oome  under  conKidcmtion  as  a  source  of  domestic  supply  would 
contain  other  gases  than  those  of  the  air — oxygen,  nitrogen,  and  carbonic 
acid.  These  gases  are  present  in  very  varying  proportion  in  different 
waters.  The  waters  of  artesian  wells  and  of  springs  generally  contain 
little  oxygen,  often  none  at  all;  waters  from  highly  ]>olluted  sources  are 
also  de6cicnt  in  this  gas;  waters  which  have  t»opn  freely  exposed  to  the 
air,  and  which  do  not  contain  any  considcrahlo  amount  of  decaying  ur- 
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I 
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gMiic  matter,  are  often  charged  with  nn  excess  uf  oxygen.'  Nitrogen 
oooure  in  a.  certain  amouTit  in  ajl  waters,  ami  in  some  tiiincral  ur  efTer- 
veacent  waters  it  forms  the  largest,  the  main  part  of  iho  dissolved  gases. 
Carbonic  acid  is  present  in  all  potable  waters,  and  its  presence  is  of 
jntpurtant  Influence  in  determining  the  amount  of  carbonate  of  liuie  which 
a  given  water  contains,  and  the  solvent  effect  of  water  on  many  minerals 
is  due  to  the  presence  of  carbonic  acid. 

It  was  formerly  the  general  cusTom  to  make  a  complete  qiiantitative- 
analysis  of  the  various  gases  present  in  a  aample  of  water  under  examina- 
tion. The  anaiytfis  was  muiie  by  boiling  out  the  gases  from  a  measured 
quantity  of  water  and  submitting  the  mixture  obtained  to  the  accurate 
but  kkHous  methods  of  gas  analysis.  As,  however,  these  doterminationa 
were  almost  never  umde  on  the  spot,  but,  on  the  contrary,  often  on  sampleii 
of  water  which  had  been  standing  for  days  or  for  weeks,  they  were  nearly 
worthless,  and  are  now  rarely  made  except  in  the  case  of  mineral  waters. 

There  has  lately  been  devised  a  method,  known  as  .Schfltzeiiberger's, 
for  determining  the  amount  of  diasfilved  oxygen  in  water,  a  method  which 
admitK  of  being  )>erfornied  %vith  snffit'ieiit  accuracy  out  of  doors.  Tiie 
following  table  contams  the  results  obtained  by  tluB  method  on  the  River 
Seine  by  M«  Gorardiii,  Inspccleur  des  ijtablissements  insalubrcs,  Paris,  in. 
tfa«;cummcr  and  fall  of  18T-1.' 


Kilo- 
niAtna> 


0 

8 

31 

78 

93 

109 

150 

942 


OxjFgeO. 


Corbeil  (above  Paris) ,.,, 

Pont  de  la  Toumelle,  Paris , 

Auteuil  (below  the  city,  but  above  outlets  of  main  sewers). 

Epinay  (bdow  all  sewers) 

Pont  de  Poissy 

Pont  de  Meulan 

Mantes 

Vernon 

Rouen .....•••...... ....4.. 


9.33 
8.05 
5.09 
1.05 
(1.12 
8.17 
8.96 
10.40 
10.42 


I 


Each  of  the  figures  in  the  foregoing  table  is  the  mean  of  a  number  of 
determinations.  The  figures  denote  the  number  of  cubic  centimetres  of 
oxygen  in  one  litre  (1,000  cubic  centimetres)  of  water.  The  theory  is 
that  a  water  which  is  polluted  by  decaying  organic  matter  not  oidy  calls 
upon  the  air  about  it  to  furnish  oxygen  fur  the  combustion  of  the  de- 
caying matter,  but  uses  up  in  the  process  more  or  less,  sometimes  all,  of 

'  Aooordiog  to  Bixnseo*8  tables  (Bansen :  Oasometrisolie  Methoden,  Braansohwelg-, 
1877).  DOC  litre  of  pure  tenter  at  0'  C,  and  ooder  the  Dorxnal  utmospheric  pret^sure, 
wUl  dissolve  from  tie  air  8.64  o.a  of  oxygen;  aad  at  20'  (.'.,  o.06  c.c.  The  solubility 
of  this  gaa  in  natund  water  M«nu  Xa  be  iucrenied  Xiy  the  presence  of  foreign  sab- 
atancM,  and  the  vxceu  of  oxygen  which  ha«  btren  found  ta  sonie  itwrtAooeii  may  be  in 
part  dua  to  tlM  efolatiou  of  the  gu  by  growing  plnnts. 

Dee  Aaainiaiement  de  la  Belae,  etA ,  deuxidiu«  portJe,  IL  Annexes,  p.  8. 
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the  oxygen  previousir  dissolved  in  the  water.     Tho  amount  of  dissolve 
oxygen  is  thus  considered  by  some  to  be  an  indication — in  the  inverse  di-' 
reotion,  of  course — of  the  amount  of  impurity  present. 

Although  this  determination  of  dissolved  oxygen  is  valuable  in  trarinfl 
the   course   of  a   polluted  stream,  it    has   little    absolute    value^  for  th 
ground-watet;  generally  and  the  water  of  unpolluted  springs  and  of  de 
wells  are  deficient  in  oxygen. 

Totai  jioitds. — The  determination  of  the  total  diitsolred  matter  is  mad« 
by  evaporating  a  measured  quantity  of  the  water  to  dryness  in  a  platinum 
vessel,  drying  at  some  definite  temperature,  and  weighing  the  residue 
There  is  considerable  divt>rsity  among  chemists  as  to  the  quantity  of  watrr 
which  should  be  evaporated  and  the  temperature  at  which  it  is  best  U> 
dry  the  residue.  Tho  determination  ia,  of  necessity,  an  inexact  one,  he- 
cause  the  solid  matter  obtained  does  not  exactly  represent  what  was  in 
solution.  In  the  evaporation  some  substances  passofl'  with  the  steam  and 
are  lost.  Other  substances  are  changed  in  character  by  the  treatment 
If  the  residue  be  dried  at  the  temperature  of  boiling  water,  some  of  the 
salts  retain  their  water  of  crystallization;  at  a  somewhat  higher  tempen- 
turCf  even  as  low  as  140'  C,  the  organic  substances  begin  to  be  decompnsed 
and  lose  weight.  In  spite  of  this,  some  chemists  use  a  temperature  u 
high  as  180^  C. 

For  sanitary  purposes  it  is  not  at  all  necessary  that  this  detonnination 
should  be  very  accurate,  for  it  is  a  matter  of  no  importance  whether  there 
are  3  or  G  parts,  whether  17  or  20.  of  solid  matter  in  lOO.OIX}  parts  of  the 
water.     The  more  common  custom  is  tn  dry  the  residue  at  the  tempers- 
tureof  boiling  water  (100"  Cor  312°  Fahr.).  and  to  consider  what  remains 
at  that  temperature  as  the  "  totai  solid  residue.**     As  already  stated,  thsj 
expression  "  total  impurity  "  is  sometimes  used;  bnt  this  term  is  open  to  I 
objection,  especially  in  the  case  of  a  water  known  to  be  pure,  /'.  *'.,  unpul-j 
luted. 

Min^al  tnatfer. — It  is  unnecessary,  for  sanitary  purposes,  to  make  a 
complete  analysis  of  tho  mineral  matter  which  a  water  holds  in  !4olution, 
or  which  is  obtained  by  evaporating  the  water  to  dryness.      A  few  sub<i 
stances  are,  however,  determined  for  spcnial  reasons. 

It  is  generally  felt  to  be  important  to  asoertain  the  amount  of  chlorine. 
This  element  does  not  exist  free  in  the  water,  but  in  combination,  rornuiig 
chemical  compounds  which  are  known  as  chlorides.     Unh-.'w  present  in 
excessive  quantity,  the  chlorides  which  occur  in  natural  waters  art?  harm- 
less; but  it  happens  that  chloride  of  sodium  (common  salt)  is  an  invariable 
constituent  or  accompaniment  of  all  excremental  matter,  and  of  all  refusaj 
from  the  household  and  from  most  manufacturing  nperations.      It  h  inisl 
that  salt  exists  in  the  air  of  all  places  not  too  far  from  the  sea,  and  that  j 
chlorides  are  found  in  all  natural  waters.     The  amount,  however,  is  rer 
small,  except  quite  near  the  sea  and  tn  the  neighborhood  of  aalt  deposilkj 
Thus,   with  certain  restrictions,  chlorides  beciomc  evidences  of  contami- 
nation; and  since  chlorides  are  not  absorbed  to  any  extent  t»y  the  koiI,  nof  | 
chemically  changed  by  exposure  to  the  air,  they  remain  after  other  evi-  j 
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dencG  of  conttimiimtton  has  pAssed  away.  The  extent  of  the  pollution 
caunol,  however,  be  Mtimateri  from  the  amount  of  chlorine  present, 
because  in  varioutt  j>olluting  ftuids  the  amounl  of  chlorine  varies  greatly. 
\s  an  example  we  may  take  (M*wage  itself.  A  number  of  e\perimenta 
were  matle  some  yeant  ago  to  ascertain  the  character  of  the  sewage  of 
EJoHt^n  and  Worcester.  In  one  aeries  of  oxpcrimonts  made  on  the  same 
lloatoa  aewer,  at  different  hours  of  the  day  nnd  night,  the  chlorine  was 
foand  to  vary.  fn»m  42  parts  in  100,000  to  3.2  parts.  The  average  of  33 
ilay  samples  from  thia  sewer  was  18.^,  and  of  4  night  samples  was  4.50. 
The  arerago  of  5*^  samples  of  M'orcester  sewage  was  3.0  in  100,000,  while 
MHne  of  the  Boston  sewage  fntm  other  sewers  contained  very  much  more 
than  the  nmxiiniiin  just  given.' 

It  is  customary  to  ilctemiine  the  amount  of  ammonia  and  of  nitrogen 
whiuh  exists  in  the  form  of  nitrites  and  nitrates,  not  because  these  com- 
pounds are  likely  to  exist  in  quantity  sufficient  to  work  harm  of  themselves, 
but  because  they  are  the  result  of  the  decay  or  decomposition  of  nitrogenous 
organic  matter.  A«a  rule,  the  amount  that  occurs  in  unpolluted  water  is 
verv  smalt,  and  even  in  |Killuteil  waters  it  is  small  whi?n  expressed  in  Hgures. 
The  anununia  can  without  difficulty  bo  determined  when  present,  even  in 
minute  quantity;  the  significance  of  the  atnount  found  will  be  discussed 
in  connection  with  the  interpretation  of  the  results  of  the  examination  of 
different  cIushph  of  waters. 

The  amount  of  nitrogen  as  nitrites  and  nitrates  does  not  bear  any  di- 
rect ratio  to  the  amount  of  organic  matter  originally  present  in  the  water, 
although  these  compounds  are  generally  to  bo  taken  as  indications  of  its 
previous  existence,  and  in  shallow  wells  arc  generally  to  be  ascribed  to 
previous  animal  or  sewage  material. 

It  is  the 'fashion  of  certain  Kngiinh  chemists  to  report  in  absolute 
figures  so  much  "  previous  sewage  contamination.*'  This  involves  a  fal- 
lacy, and  little  meaning  attaches  to  it.  The  flgures  given,  in  any  case, 
are  reached  by  determining  the  total  amount  of  nitrogen  which  is  present 
as  ammonia,  and  also  as  nitrites  and  nitrates;  after  subtracting  the  small 
■mount  of  nitrogen  which  rain-water  contains  in  these  forms,  theni  is  cal- 
culated from  the  remaitider  how  much  of  what  is  called  '*  average  London 
sewage"  would  be  necessary  to  account  for  this  amount  of  liitrogen.  The 
composition  of  the  so-called  "  average  London  sewage  "  is  not,  as  might 
be  supposed,  deduced  from  a  certain  number  of  examinations  made  at 
▼arious  times,  but  the  nverage  sewage  is  taken  arbitrarily  as  containing  10 
parts  of  combined  nitrogen  in  lf>0,000  p!trt».  Again,  when'sew'ageorother 
nitrogenous  matter  decay-,  it  depends  upon  circumstances  how  much  com- 
bined nitrogen  is  set  free  as  nitrogen  giis,  how  much  is  converted  into  am- 
monia, and  how  much  is  oxidized  so  as  to  ap|)ear  as  nitrites  or  nitrates. 
Wber*  the  sewage  passes  through  the  soil  before  reaching  the  river,  it  tnay 
carry  Into  the  stream  a  quantity'  of  nitrates  and  but  little  nitrogen  in  the 
form  of  animal  organic  matter.     It  seems  from  recent  researches  that  the 
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process  of  iiitrificatinii  in  the  sot!  ie  brought  about  by  ntuaiu  of  aii  organ- 
ized feniioiit,  ittu)  therefore,  unHpr  ()ifrer4>i)t  conditions,  may  take  ]i\9<'o 
with  different  intensity.  Moreover,  nitrates  once  fonne*i  are  readily  reduc*:-'! 
in  the  presence  of  decay inj^-  organic  matter,  so  timt  the  nitrates  preseiii 
at  any  time  give  no  quantitative  indieatioiiaof  the  amount  of  sewage  prt*- 
viouRly  present. 

While  the  prosenoo  of  nitrates  under  most  circumstances  indicates 
that  there  has  boen  previous  pollution,  it  is  often  sufHoient  to  apply  a 
qualitative  test  and  to  judge  from  it  roughly  of  the  amount  present.  That 
most  commonly  applied  is  the  sulphate  of  iron  (ferrous  sulphate)  teat.  A 
small  quantity  of  the  water  under  examination  is  mixed  iii  a  fflass  tube 
with  an  equal  volutne  of  pure  conce«trate<l  sulphuric  acitl.  The  mixture, 
whii^h  bewjities  very  hot,  is  cooled  to  the  temperature  of  the  air,  uud  thch- 
is  then  ]>oured  upon  it  a  solution  of  sulphate  of  iron.  If  nitrates  are  pres- 
ent, a  dark  ring  or  layer  forms  between  the  two  liquiib.  The  amount  of 
nitrates  present  may  be  inferred  from  the  extent  to  whicli  the  water  taasi 
be  concentrated  before  it  will  give  indications  by  this  test. 

Of  other  inorganic  substances  il  is  often  necessary  to  determine  whethw 
lead,  copper,  or  other  mineral  poison  is  present  in  appreciable  quantity,  an<l 
also  to  ascertain,  at  least  approximately,  the  amount  of  lime  and  magii"- 
sia,  and  sometimes  of  imn.  Sufficient  information  with  reganl  to  the  lime 
and  magnesia  may  generally  be  obtained  by  determining  the  **  hardness" 
of  the  water. 

In  determining  the  "hardness"  of  the  water,  advantage  is  taken  of 
one  of  the  properties  which  uiake  hard  water  uuflesiroble — namely,  tlifr 
property  of  destroying  soap.  A  solution  of  soap  is  prepared  uf  such  « 
strength  that  a  measured  quantity  of  it  is  exactly  destroyed  or  neutral* 
ized  by  a  known  amount  of  lime.  The  lime  is  previously  dissolved  in  a 
certain  amount,  say  lO'l  cubic  centimetres,  of  water,  and  in  the  case  of  a 
water  und»^r  ejtamiiiation,  it  is  ascertained  how  much  oE  this  same  standani 
soapRoltttion  is  destroved  by  100  c.  c.  of  this  particular  water.  Hie  harl- 
neas  of  another  portion  of  the  water  is  determined  after  boiling  for  aotw 
time;  this  is  called  *' />crm<inaU  ftttrcfm-M^'"  and  is  due  to  hulphates  and 
other  soluble  compounds  of  lime  and  magnesia.  The  total  hardneis^ 
less  the  permanent  haniness,  is  the  "  temporury  hunhttnit"  and  is  due  lo  th* 
bicarbonatesof  lime  and  magnesia  which  are  decomposed  by  boiling.  The 
liardness  is  generally  expressed  in  degrees,  which  have  differeut  significa- 
tion in  different  countries.  In  England,  where  the  pnwea*  origitiated.  a 
degree  of  hardness  corresponds  lo  a  grain  of  carbonate  of  lime  in  one  im- 
perial gallon  of  water;  for  example,  a  water  of  5  degrees  hardness  meant 
that  each  gallon  of  the  water  contains  5  grains  of  carbonate  of  lime,  or 
an  amount  of  sulphate  of  lime,  or  that  it  contains  carbonate  or  8ulphat» 
of  magnesia  equivalent  in  wjap-destroying  power  to  5  grains  of  carbonate 
of  lime.  In  Germany  the  degrees  of  hunlnesa  are  parts  of  oxide  of  cal- 
cium (quick-lime)  in  1(j0,O0O  parts  of  water.  In  Franco  the  degrees  mean 
ao  many  parts  of  carbonate  of  lime  in  100,CKmi  parts  of  water.  In  Amer- 
ica, In  fcpile  of  the  anomaly,  many  express  the  hardness  in   English  de 
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e.,  in  grains  to  tho  imperial  gallon,  whik  tho  other  results  are 
(firen  in  grains  to  tho  U.  S.  gallon.  Tho  French  syi>tflin  of  parts  in 
100,000  is,  howevor^  now  coming  into  vogue. 

Oryanie  matter. — In  tho  cxHinination  of  water  there  are  few  inorganic 
mibat&nces  to  bo  determined  as  bearing  on  the  sanitary  quality  of  the 
water,  except  in  so  far  as  thoy  indicate  si-wage  contamination,  and  the  total 
■mount  of  inorganic  matter  may  bo  quite  large  witlmiit  rendering  the 
water  unwholesome;  it  is  different,  however,  as  we  have  already  seen, 
with  the  organic  matter. 

Since  there  is  disagreement  among  medical  men  as  to  the  nature 
of  the  injurious  substances  in  polluted  water,  and  since  even  with  re- 
frsrd  to  decomposing  sewage  no  one  knows  for  a  certainty  in  what  ita 
power  for  hann  resides,  it  ia  not  to  be  expeeterl  that  analysis  can  say 
with  absoluteness  of  statement  whether  a  gW'S-n  water  is  damjeroudt/ 
polluted  or  not.  Indeed,  wo  may  suy  that  chemistry  does  not  givo  us 
the  means  of  determining  the  amount  of  organic  matter  in  water,  or 
even  of  determining,  in  all  cases,  whether  it  is  of  animal  or  %'egetable 
origin. 

There  are  many  persons  who  suppose  that  the  way  to  consult  a  chemist 
in  the  matter  of  water-supply  is  to  send  a  sample  of  water  in  a  sealed 
veesel,  with  no  hint  as  to  its  source;  and  they  expect  the  results  of  ih© 
chemical  examination  of  tho  water  to  be  accompanied  by  a  statement 
as  to  the  wliolesomeness  of  the  water,  or  of  the  possibility  of  danger 
from  its  use.  The  chemical  examination  is  of  great  senice,  and  nften  in- 
dispensable; but,  except  in  cases  of  gross  pollution,  it  is  impomibU  to 
pronounce  definitely  on  the  water  without  a  knowledge  of  the  locality 
from  which  it  is  taken. 

Now,  although  the  term  "organic  matter"  Bounds  as  if  it  meant  some 
definite  thing,  this  is  not  the  case.  For  instance,  a  pound  of  sugar,  the 
chemical  symbol  of  which  is  CisHh  On,  a  pound  of  albumen,  the  symbol 
of  which  is  CNa  Hm  Ni»  St)».  (?),  and  a  pound  of  excrement,  for  which,  of 
course,  no  symbol  could  bo  given,  are  very  different  things.  Some  or- 
gmnic  matter  contains  a  large  and  some  a  small  percentage  of  carbon:  tho 
same  is  true  with  reference  to  nitrogen,  to  hydrogen,  and  to  oxygen, 
whioh  make  up  the  bulk  of  all  organic  matters.  Even  if  the  chemist 
ooald  say  with  all  assurance  that  a  certain  water  contained  exactly  1  or  ^ 
or  6  parts  of  organic  matter  in  1()0,00(>,  we  should  be  very  far  from  hav- 
ing the  data  necessary  for  forming  an  opinion  of  the  water.  But  the 
obemist  catuiot  make  any  such  statement,  as  will  ftp{>ear  from  what  fol- 
lows. 

The  earliest  method  by  which  an  attempt  was  made  to  dctcmiine  itio 
atnount  of  organic  matter  was  to  take  the  residue  of  evaporation,  thu 
renliiue  whoae  weight  gives  us  the  so-nallod  "total  solid-s"  and  subject 
it  to  the  action  of  a  low  red  heat  until  all  the  oarbonaceous  matter  waa 
drstroyed.  This  •*  loss  on  ignition  "  is  tiijw  generally  tabulati-d  as  "or- 
ganic and  volatile  matter,**  but  it  is  far  from  being  due  entirely  to  the 
destruction  of  the  organic  matter  whioh  may  he  present.      As  the  deter- 
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miosCton  can  be  made  in  a  very  ahort  time,  and  as  the  "total  solids*'  am 
alirays  Jetennined,  the  determination  is  not  absolutely  valuele&b.  Undi-r 
cvrtain  circumstaiieeii  it  may  be  of  assiatanne  in  nomparin^  differe4it 
wml«r»,  or  even  in  jinijfiiig  of  a  single  water  %vhich  is  under  examination  ; 
bat,  as  a  rule,  no  great  value  can  be  attuclied  to  the  determination,  and 
two  different  peraons  would  not  obtain  the  same  result  from  the  same 
water,  and  for  several  reasons. 

In  the  first  pini-e,  certain  kinds  of  organic  matter  are  burned  up  with 
difficulty.  They  char  at  onoe,  but  the  carbon  remains  unconsumed,  ex- 
cept  on  application  for  a  long  time  of  a  considerable  degree  of  heat.  On 
the  other  hand,  if  the  hoat  applied  be  considerablet  there  is  danger,  or 
rather  certainty,  of  volatilizing  alkaline  chlorides.  Moreover,  other  salts 
are  decomposed  with  partial  volatilization  ;  thus,  the  carbonates  of  lime 
and  magnesia  are  more  or  less  completely  converted  into  oxides  by  expul- 
sion of  the  carlwnic  acid,  or,  in  the  presence  of  a  sufficient  quantity  of 
silicic  acid,  into  silicates.  The  nitrateo  are  converted  into  carbonates, 
oxides,  or  silieate-s,  chloride  of  magnesium  is  decomposed  in  the  presence 
of  hydrate<l  conifiounds  with  escape  of  chlorhydric  acid,  and  other  changes 
take  place  which  it  is  not  necessary  to  particularize. 

Many  attempts  have  Iwfii  made  to  render  this  detennination  of  or- 
ganic matter  more  reliable,  and  different  chemists  use  different  dcrioes. 
The  practice  of  the  writer  is  to  weigh  the  residue  after  drying  at  'Hi" 
Fahr.  (100*  C);  then  to  ignite  gently,  using  only  a  low  red  heat;  then  to 
moisten  with  water  containing  carbonic  acid  and  leave  for  a  time,  in  order 
that  the  oxides  of  calcium  and  magnesium  which  have  been  formed  from 
the  carbonates  may  be  reconverted  into  carbonates,  and  that  the  nm\l» 
which  crystbllize  with  water  may  retake  their  water  of  crA'stailixation  at 
Jeast  as  far  as  it  is  retained  at  100'^;  after  standing,  the  residue  is  again 
<iried  at  100**  as  before,  and  weighed.  The  difference  between  the  two 
weights  is  tabulated  as'*  organic  and  volatile  matter."  In  the  case  of 
very  soft  waters,  such  as  those  of  many  New  England  streams,  this  differ- 
ence is  rcallvt  im  great  measure,  organic  matter;  the  waters  contain  only 
m  small  amount  of  alkaline  salts,  almost  no  nitrates,  and  only  a  smaJl 
amount  of  carbi^nate^  and  of  alkaline  chlorides.  In  most  well  waters  the 
determination  is  valueless. 

Owing  to  the  unsatisfactory  character  of  the  determination  of  organic 
matter  by  ignition,  many  attempts  have  been  made  to  obtain  more  reliable 
results  by  other  methods.  Several  of  these  methods  depend  upon  the 
cxidation  of  the  organic  matter  by  means  of  pernianganate  of  potash,  a 
compound  which  contains  a  considerable  proportion  of  o.\ygen.  and  which 
iwrts  with  a  portion  of  it  quite  readily.  The  snhitiun  of  permanganate  of 
potash,  even  if  very  dilute,  has  a  marked  pink  uolor,  which  disappoan 
when  the  permanganate  has  been  destroyed  by  organic- matter,  and,  by 
auocwssive  ntlditions.  it  may  be  doterminnd  how  much  permanganate  a 
git*n  bulk  of  a  certain  water  will  destroy.  There  are  various  ways  of 
applying  the  permanganate  solution.  Some  prefer  to  use  the  reagent  in 
alkaline,  and  others  in  acid  solutions;  some  heat  the  liquid  to  one  tein* 
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pciAture,  and  some  to  miother.*  As  to  the  results  obtaine<l|  it  is  self-evi* 
dent  that  different  org^ariic  eubstaaces  require  very  difTereiil  ainuunts  of 
oxygen  to  burn  them  up,  and  consequently  that  the  amount  of  pi.-nnan- 
gitnate  employnd  cAunot  bv  taki>n  ns  mix  abitolute  measure  <if  the  amount 
o(  organic  matter.  Moreover,  some  organic  substances  are  not  acted  upon 
at  all  by  the  permanganate  in  solution.  It  is^  huwever,  the  custom  either 
to  rf^port  the  amount  of  oxygen  os  indicated  by  the  amount  of  permanga- 
nate destroyed,  under  stated  conditions,  by  a  given  quantity  of  water,  or 
to  multiply  by  some  conventional  number  and  call  the  product  *'  orga- 
iiiscber  Substanz.**     The  latter  is  the  common  practice  in  Germany. 

Another  method  uf  using  pennanganate  of  potash  tu  give  indications 
of  the  character  of  the  organic  matter  is  the  so-called  ammonia  method  of 
water  analysis  devised  by  the  English  chemists.  Chapman,  Wanklyn,  and 
Smith,'  and  much  used  in  England  and  in  this  country.  This  takes  ad- 
vantage of  the  fact  that  certain  kinds  of  nitrogenous  organic  matter, 
when  treated  with  a  strongly  alkaline  solution  of  permanganate  of  potash* 
give  off  a  de6iiile  portion  or  the  whole  of  their  nitrogen  as  ammonia;  and 
the  value  of  tlin  method  lies  in  the  assumption  that  it  is  the  nitrogenized 
organic  matter  which  is  to  be  regarded  as  the  chief  source  of  ifanger  in 
polluted  water.  While  there  is  so  great  difference  in  the  organic  matter 
which  may  find  its  way  into  water-courses,  ponds,  or  reservoirs,  there  is 
a  general  feeling  among  sanitarians  that  the  most  objectionable  form  of 
oi^nic  matter  is  that  which  is  highly  nitrogenlzed,  or  that  vehich,  by  be- 
ing readily  oxidized,  shows  it.setf  ready  to  enter  into  decay;  and  if  the 
ztitrogeaous  matter  is  derived  from  excrcmontat  matter,  it  is  felt  that  the 
anknown  "something"  which  causes  specific  diseases,  such  as  typhoid 
fever  and  cholera,  may  be  present. 

In  working  the  ammonia-method,  the  water  under  examination  is  put 
into  a  retort,  niijde  alkaline  by  means  of  carbonate  of  soda,  and  distilled 
ai  long  as  the  distillate  carries  enough  ammonia  to  be  measured  by 
Ncaslcr's  solution.  Then  a  solution  of  caustic  soda  and  permanganate 
of  potash  is  adilod,  and  distillation  is  continued.  Another  portion  of 
ammonia  now  comes  off,  owing  tu  the  action  of  the  permanganate  on  the 
nitrogenous  organic  matter.  The  amount  of  ammonia  thus  obtained  is 
determined,  and  is  tabulated  as  **  albuminoid  ammonia,"  because  albumin 
is  one  of  the  bodies  which  is  acted  upon  in  this  way. 

It  is  to  be  said  ihut  in  the  case  of  some  organic  substances  the  action 
of  the  permanganate  is  far  from  complete,  and  some  are  not  acted  upon 
with  production  of  ammonia.  This  method  does  not  reveal  anything  with 
reference  to  carbonace'ous  matter  present,  and,  indeed,  like  every  other 
method  which  has  ever  been  proposed  for  determining  the  amount  of  or- 


'  See  Kobel't  Anleitong  xar  UntsnnLcbang  von  Waiaer,  bearboitet  von  Dr.  Ford. 
Titmano.  Braunecbwcig,  1874.  Also  a  r«o«nt  pAp«r  by  Dr.  TtJjr,  Chemical  Nows, 
XJLWIII.,  187H.  p.  283. 

'  Water  Analyais.  b;  J.  A.  Wanklyn  and  E.  T.  Chapmaa  ;  4tb  £diti(ni,  rewrittea 
b/  J.  A.  Wooklya,  London,  1876. 
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gallic  matter,  the  rcstilts  do  not  express  any  fixed  and  definite  thing.  a> 
does,  for  instance,  a  determination  of  chlorine.  Neither  do  tliey  t«U  of 
tho  origin  of  the  nitrogenous  itiatter,  whether  it  cornea  from  ftniina)  of 
vegetable  sources;  in  fact,  no  chemical  anulysis  can  tell  that  unless  in  ex* 
ceptional  cascs.  This  method  is,  however,  valuable  as  a  means  of  com* 
|)aring  various  waters  of  the  same  genera)  character,  or  of  tracing  the  in- 
orcase  or  decrease  of  iinj>urities  of  the  same  sort  in  the  same  water. 

The  second  general  method  in  anything  like  common  use  is  a  method 
devised  by  Krankland  and  Armstrong;  it  was  used  in  the  great  number  of 
examinations  published  in  the  Reports  of  the  Rivers  Pollution  Commis- 
«ion  of  Great  Britain.  The  method  consists  in  evajiorating  a  given  quan- 
tity of  the  water,  under  carefully  regulated  conditions,  and  in  submitting 
ths  residue  to  a  process  of  organic  analysis,  by  which  all  the  rurbou  i» 
coni'«rted  into  carbonic  acid  and  the  nitrogen  is  lilierated  in  the  gaseous 
staM.  The  mixture  of  nitnjgen  and  carbonic  acid  is  then  analyzed  by 
proceeses  of  gas  analysis.  The  results  are  stated  in  so  many  parts  of 
••organic  carbon"  and  so  much '*  organic  nitrogen  "  in  100.000  parts  of 
the  water,  and  sometimes  the  two  amounta  together  are  sj>oken  of  as 
ibe  amo'unt  of  the  "organic  elements." 

As  a  chemical  procoss.  this  method  has  been  rantic  the  subject  of  much 
critieism  by  its  opponents;  from  this  point  of  view  we  can  hardly  discuss 
Xke  matter  appropriately.  As  at  present  employcnl,  in  the  hands  of  com- 
•  pctent  persons,  it  is  calculated  to  give  good  results:  but  the  great  ques- 
t  tion  is  :  Of  how  much  value  are  the  results  when  obtained  ?  The  process,  in 
tin  words  of  the  originator,  is  **  both  troublesome  aU'l  tedious,"  and  re* 
^irbs  considerable  manipulative  skill,  the  apparatus  employed  is  some* 
vhaf  costly  and  frangible,  and  a  good  deal  of  time  is  unavoidably  con- 
MVed  in  the  examination. 

It  is  true  that,  if  we  have  the  amount  of  organic  nitrogen  and  carbon, 
w  come  nearer  to  having  the  amount  of  organic  matter  than  is  possible 
bv  any  other  means;  but,  as  has  been  already  satd.  it  is,  after  all,  not  thr 
wnount,  but  the  character,  which  is  to  be  considered.  In  this  niethod  ot 
ttBolysis,  the  character  and  probable  origin  are  inferred  from  the  rfltUivt 
f»nportioH  of  carbon  and  nitrogen.  Thus,  in  waters  which  were  rendered 
tMpare  by  the  presence  of  extract  of  peat,  the  average  amount  of  nitrogen 
mto  the  amount  of  carbon  as  1  :  11.0,  while  the  propurtion  in  sewage 
was  1  :  1.8. 

TTh»  inlluence  of  oxidation  on  peaty  matter,  i.  «..  vegetable  matter  con- 
9td$mff  a  considerable  projiortion  of  carbon,  is  to  decrease  the  aiuount  of 
4Mb>HH  while  by  the  oxidation  of  animal  matter,  i.e.,  matter  containing 
•  QMBsderable  proportion  of  nitrogen,  it  i»  the  nitrogen  which  decreases 
[rapidly.  "It  is  thus  evident  that  the  proportions  of  nitrogen  to 
1  ia  soluble  vegetable  and  animal  organic  matters  vary  in  ijppotiU 
during  oxida(io7\ — a  fact  which  renders  more  difficuh  the  do- 
toj  to  whether  the  organic  matter  present  in  any  given  sample  of 
^Ifris  of  animal  or  vegetable  ori^n/* 
IfW  average  proportion  of  nitrogen  to  uarbon  in  various  classes  of 
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waters,  as  well  as  tlio  limits  ^rtthiti  which  the  proportion  has  been  observed 
to  vary,  is  given  in  the  foUowing  table: 

Ajnouot  ol  I  ,    1  Amouni  of 
tuorocen    f  '   )     oarlioa 

P«at  (one  sample) I  II A 

Unoxidued  peaty  mfttter  in  apland  so rfaca- water,  variatioD  be* 

twecu  1 :  ti  2  :uul  1:21.1;   average 1  :        11. D 

Oxidised  peacjr  matter  in  lakes,  etc.,  variation  betweea  1 :8.3 

and  1 :  11.4  ;  average 1  :         0.9 

Bprioff-watcr  oontaiumg  peaty  matter,  variatioa  betweea  1 : 1.4 

and  1 : 5.4  ;  averagu I  i         8.8 

Avenge  of  aaumber  of  Bamples  of  fresh  eewa^ 1  :         9.1 

Animal  matter  in  pollated  wells,  Tariatinn  between  1 : 0.7  and 

I  ;0  1  ;   average - 1  :          3.1 

Avemge  of  16  samples  ttovage . . 1  :          1.8 

Average  of  oamo  sewage  after  oxidaUon  by  passing  tbrongb  soU  1  ;        4,9 

With  reference  to  Frankland^s  method,  Sander  says:>  **  Without  a 
knowledgfe  of  the  previous  history  of  the  water,  the  relative  proportion 
(between  carbon  and  nitrog>.>n)  n  not  available  as  a  means  of  docidinj^  as 
to  the  nature  of  the  contamination;  if,  however,  the  previous  history  of  a 
water  is  known,  there  is  scarcely  need  of  so  particular  an  analysis  in  order 
to  judge  of  its  character.^'  Fur  this  reason  FrankluiKKs  method  has  not 
been  used  to  any  extent  in  Gertnany  or  in  this  country. 

We  come  now  to  the  interpretation  of  the  results  of  the  analytical  ex- 
amination. Some  g-eiieml  principles  may  be  laid  down  for  the  interpreta- 
tion) although,  in  the  majority  of  cases,  chemical  examiuatiuii  alone  cannot 
be  relied  upon  as  giving  conclusive  evidence  as  to  the  suitability  of  a  water 
for  drinking.  Of  course,  if  a  water  is  hard,  the  chemist  can  say,  without 
hesitation,  that  the  water  is  unsuited  forsupply  on  account  of  its  probable 
offoct  on  steam-boilers,  and  because  it  will  be  utieconomical  for  use  in 
washing.  If  the  water  contains  arsenic  or  lead,  or  other  poisonous  metal, 
the  chemist  can  discover  it.  if  the  water  is  grossly  polluted,  or  is  of  ex* 
ceptional  purity,  chomloal  examination  can  dGtt?rminG  thesH  facts;  but, 
in  a  vaat  majority  of  eases,  while  chemistry  may  teach  sometliitig  and  aid 
in  the  decision,  it  uannot  teach  everything,  and  it  cannot  ileckk.  Now,  it 
would  be  very  convenient,  if  it  were  possible,  to  take  each  item  which  is 
made  the  object  of  analytical  determination,  and  say  that  a  good  water 
may  contain  so  much,  and  if  a  water  contains  mnre,  it  is  not  good.  This 
is  impos5il)le;  a  certain  amount  of  the  same  substance  might  in  one  case 
be  a  sign  of  fearful  contamination,  while  in  another  it  might  indicate  only 
a  normal  constituent  of  the  water. 

In  view  of  the  impossibility  of  saying  exactly  what  is  and  what  is  not 
harmful,  any  considerable  departure  from  the  normal  character  of  the 
water  in  a  given  locality  should  be  regarded  with  suspicion.  It  is  true 
that  various  students  of  the  matter  of  water-supply  hove  formulated 
''standards"  which  a  water  may  not  overpass.     They  are,  however,  only 
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of  relative  value.    Moreover,  different  kinds  of  water  cannot  be  judged  by 
the  saiue  standard,  a  fact  that  is  often  lost  ftight  of. 

In  considering  the  various  classes  of  natural  waters  with  reference  to 
the  aanitary  and  especially  to  the  chemioal  examination,  il  will  be  con- 
venient to  alter  somewhat  the  order  in  which  they  have  been  studied  iu  a 
general  way  as  sources  of  supply.     We  will  begin  with  the  ground* water 


iSofiii^ry  £juuniHati0n  of  the  Oroatid'ioaUr. 

In  making  the  preliminary  examination  of  the  ground-water  of  a  par- 
tioular  locality  with  a  view  to  its  use  for  town-supply,  the  first  question 
that  arises  is  with  reference  to  the  quautity  of  water  that  can  be  relied 
upon.  It  is  true  that  this  question  is  one  which  concerns  mainly  the  en- 
gineer; as,  however,  one  of  the  first  sanitary  requirements  is  an  abundanoe 
of  water,  and,  as  in  many  instances,  (he  quautity  actually  obtained  has 
fallen  far  short  of  that  anticipated,  it  is  not  out  of  place  at  this  point  to 
emphasize  the  importance  of  thp  preliminary  examination.  In  addition  to 
the  knowledge  of  ttie  amount  of  rain-fall  which  can  be  depended  upon  in  dry 
years,  there  must  be  an  intimate  knowU-djre  of  the  locality  from  which 
the  water  is  to  be  taken,  of  the  drain  age- area  which  will  contribute  to 
the  supply,  of  the  thioknetuj  and  character  of  the  water-l>earing  stratum, 
and  of  the  direction  of  the  movement  of  the  ground-water.  The  last 
point,  which  is  imjiortant  with  reference  to  possible  contamination,  can 
often  be  ascertained  by  inspection  of  the  region  itself  and  by  finding 
out  the  slope  of  the  water-table.  In  case  of  need,  two  trial-pit«  may  be 
sunk  in  line  of  the  supposed  flow,  and  some  easily  recognized  st^luhle 
substance  be  thrown  into  what  seems  to  be  the  upper  one.  After  a  lime 
the  substance  employed  may  be  detected  in  the  second  pit,  if  the  flow  is 
really  in  that  direction.  It  is  also  im|>ortant  to  know  whether  ther«  are 
any  establishments  from  which  objectionable  refuse  material  is  allowed  to 
Hoak  into  the  ground.  The  chemical  examination  of  a  gwund-water  pro- 
posed for  town-supply  is  mainly  directetl  toward  the  organic  matter  or 
to  the  evidence  of  previous  pollution,  but  does  not  differ  essentially  from 
that  followed  out  in  the  case  of  shallow  welts,  as  stated  below.  It  tthoulil 
be  accompanied  by  an  examination  of  the  stream  or  pond,  if  the  water  i» 
to  he  taken  in  the  neighborhood  of  a  vi»tblo  body  of  water,  although,  as 
we  have  seen,  it  is  generally  the  case  that  the  stream  contributes  a  rela- 
tively small  volume  of  the  supply. 

Where  ihe  ground-water  is  used  from  shallow  wells  by  individual 
families,  and,  in  general,  whore  shallow  welU  are  situated  near  dwellings, 
the  water  is  particularly  liable  to  become  polluted.  Although  an  in- 
spection of  the  locality  may  show  that  such  pollution  is  possible  or  even 
probable,  the  matter  can  hardly  be  decided  without  chemical  examination. 
It  is  in  the  case  of  well-waters  that  the  chemical  examination  is  of  the 
greatest  value  from  a  sanitary  point  of  view.  As  is  the  ease  with  the 
ground-water  in  general,  the  total  amount  of  mineral  matter  is  of  little 
account,  but  any  a[>prcciable  amount  of  organic  matter  is  objectionable. 


Even  if  the  organic  raaitor  were  entirely  of  vegetable  origin,  it  would 
stili  be  objectionable,  fur  it  would  show  chat  thn  well  received  surface 
dr&jnagc,  from  which  all  wcIIb  should  be  protecteiL  A  large  majority  of 
th«  tthallow  wells  in  actual  use  are  so  situated  that  tliey  receive  scwa^ 
directly  or  indirectly.  If  the  scwaj^e  be  passed  through  a  sufficient 
amount  of  soil,  the  organic  matter  is  completely  destroyed,  although  the 
evidence  of  ita  prcviou^'  existence  remaint>  in  the  ammonia,  nitrites,  nitrates, 
asd  chlorides.  There  is  oftentimes  great  dil&culty  in  deciding  whether 
a  well-water  should  be  condemned  for  use  or  not.  On  the  one  hand,  if 
there  is  any  con.-*idurable  amount  of  unchanged  organic  matter,  it  is  de- 
tected at  once;  and,  on  the  other  hand,  the  absence  of  organic  matter,  of 
ammonia,  aiid  of  an  abnormal  amount  of  chlorides,  shows  that  the  well 
receives  no  appreciable  amount  of  sewage.  The  majority  of  well-waters, 
however,  lie  between  these  two  extremes  and  fall  into  the  c-ategory  of 
suspicious  waters,  with  reference  to  which  it  is  impossible  for  even  the 
experienced  observer  to  pronounce  definitely  without  an  intimate  knowl- 
edge of  the  locality — and  sometimes  not  even  then. 

The  following  table  contains  the  results  of  the  examination  of  ground- 
water of  good  quality  from  two  localilies,  wliisre  it  Is  true  that  the  neigh- 
boring stream  probably  contributes  some  portion  of  the  water.  The  table 
alao  contains  the  results  obtained  from  the  examination  of  a  number  of 
Bunples  of  well-waters,  the  organic  matter  being  indicated  by  the  so-called 
** albuminoid  ammonia." 

EXAMINATION   OF  GROtmO-WATBR. 
lEeeulta  expresaed  in  Parta  in  lOOyOOO.} 
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In  CMe  of  shallow  wells,  we  must  regard  with  suspicion  a  water  which 
contains  from  0.006  to  0.01  parts  of  ammonia,  from  0.006  to  0.01  parts  of 
"albuminoid  ammonia,"  and  aay  1.0  part  of  chlorine;  suspicion  is  also 
awakened  by  any  appreciable  amount  of  nitrites  and  nitrates — enough  to 
show  their  presence  in  the  unconccntrated  water  by  the  sulphate  of  iron 
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(or  ferrous  sulphate)  test.  Tho  amounts  mpntioticd  would  not  justify  a 
condoiniiation  of  the  water,  especiaUy  if  the  liuiil  wero  exi^eeiled  in  oDf 
particular  only;  but  tht>y  would  lead  to  inquiry  as  to  the  location  of  th» 
wt'lt,  and  as  to  a  possible  explanation  of  tl)c  apparently  abnormal  quantity 
of  whatever  excited  the  suspicion.  The  suspicions  thrown  upon  the  char- 
acter of  the  water  lead  aJso  to  reneweil  chemical  examination.  Thin  in 
quite  important,  for  a  single  sample  of  water  hardly  gives  a  fair  idea  of 
the  gcn<;ral  character  of  the  well.  It  often  happens  that  a  well  shows 
periodic  contamination — that  is^  at  certain  times  [xtlluting  liquid  reachpt 
it,  and  not  at  others.  Where  frequent  complete  analyses  are  nut  possible, 
it  is  a  quite  satisfactory  method  of  examination  to  determine  from  time  to 
time  the  amount  of  somo  one  substance  present.  Take,  for  inBtanr<>, 
chlorine.  It  may  be  that  the  chlorides  in  a  well-water  are  abnormally 
higlt  because  salt  has  been  used  to  thaw  out  ttie  pump  or  Uaa  been  scat- 
tered about  the  well  to  kill  weeds;  in  such  cases^  any  suspicion  excited 
by  the  presence  of  chlorine  is  allayed  when  the  circumstances  are  known. 
As  a  rule,  however,  the  chlorides  come  from  cesspools  or  vaults;  and  a» 
chlorine  is  easily  determined,  it  may  be  selected  as  tlie  ubject  of  a  num- 
ber of  consecutive  examinations.  In  this  way  it  is  possible  to  ascertain 
whether  the  water  is  subject  to  much  variation,  and  a  more  particular 
examination  can  be  made  at  times  when  the  chlorine  proves  to  be  preaent 
in  larger  pro[>ortion  than  usual.  If  a  particular  vault  or  cesspool  is  sus- 
pected, it  is  udvisablc  to  throw  a  quantity  of  strong  brine  (i.  <•.,  a  solu- 
tion of  chloride  of  sodium)  into  the  suspected  source  of  contamination, 
and  ohstTve  whether,  and  after  how  long  an  interval,  the  pn^portion  of 
chlorine  in  the  well  shows  an  increase.  Salts  of  lithium  an*  also  used  for 
the  same  purpose,  as  a  very  minute  amount  of  lithium  can  be  detected  by 
the  spectroscope. 

With  regard  to  the  determinations  other  than  those  mentioned  above, 
it  may  be  said,  that  in  order  to  make  the  determination  of  the  "  total  solid 
residue"  o{  any  value,  something  must  be  known  uf  the  geological  charac- 
ter of  the  region  or  of  the  water  of  wells  known  to  be  unpolluted.  As 
much  as  forty  or  Hfty  parts  of  total  solids  in  100,000  parts  of  the  water 
may  often  be  allowetl  in  drinking-water,  provided  they  are  of  such  a  char- 
acter as  tn  be  harmless;  but,  in  the  case  of  shallow  wells  su])plied  from  the 
ground-water,  such  an  amount  could  be  considered  admissible  only  under 
very  peculiar  circumstances;  it  might  perhaps  be  allowed  in  wells  near  the 
sea. 

The  "  loss  on  ignition,"  or  the  so-called  "  organic  and  volatile  matter," 
is  of  no  value  whatever  in  the  case  of  well-water  or  of  other  wators  giving 
a  considerable  amount  of  solid  residue;  this  i»  especially  the  case  when 
there  is  a  large  proportion  of  chlorides  and  nitrates.  In  the  table  on  p. 
306,  the  loss  which  the  various  residues  sufTi-red  when  heated  are  given  in 
brackets,  but  the  figures  are  of  no  use  in  forming  an  opinion  of  the  vari- 
ous waters.  It  may,  however,  be  said  that  the  residue  of  a  well-water 
should  not  blacken  when  ignited  ;  and  often  the  odor  of  the  burning 
organic  matter  betrays  its  origin. 
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Hie  luiiounts  of  ** organic  c*rbon**  and  "organic  nitrogen"  in  unpol- 
luted wetl-wiiters  &re  very  small,  and  should  not  exceed  0.02  part  for  the 
nitrogen  and  0.20  part  for  the  carbon.  The  following  table  '  contains 
the  reaalts  of  the  examination  of  aoiae  well-waters  by  Frankland's  method : 


A... 
B... 
C... 


Orfpuiie 
oar  boa. 


1.820 
0.177 
0.1S1 


Oifracic 
nitrogen. 


0.710 
0.017 
0.037 


Ratio. 

Oorlion 
Nitrogen. 


Aid- 

monia. 


0.1  ;!0 
0.004 


Nltrogoa 

u  Di- 
trites  and 
nitratoB. 


0.401) 
0.184 
3.7C 


Chlo- 
rine. 


7.10 

a.72 

13.0 


^mnrka. 


Horribly  polluted. 

Good. 

Good. 


iSanitary  JSxamintUioji,  of  Deep  Weils. 


fin  the  case  of  deep  wells  and  springs  there  is  If-tw  likelihood  of  con- 
tamination than  in  the  case  of  shallow  wells,  as  has  already  been  scqu. 
The  chief  danger  arises  from  surfaue  drainage,  the  likelihood  of  wliii:]i 
can  generally  be  estimated  from*  an  itk.spGction  of  the  »urrounding»,  and 
from  which  the  wells  can  generally  be  prutcotcd. 

I  In  regard  to  the  "albuminoid   ammonia"  and  to  the  organic  carbon 

and  organic  nitrogen,  the  same  rules  will  apply  as  i[i  the  case  of  shallow 
wells;  but  in  the  case  of  deep  wells  the  total  solid  residue,  (he  chlorine, 
the  aoimonia,  and  the  nitrogen  as  nitrites  and  nitrates,  are  of  no  value  as 
tests  of  impurity,  since  un|>onuted  deep  water  often  contains  coii-sldcrablii 
quantities  of  one  or  more  of  these  substances. 
In  the  case  of  deep  wells,  however,  more  importance  attaches  to  the 
particular  analysis  of  the  dissolved  soHda  than  in  the  case  of  any  other 
olaoa  of  water.  It  is  almost  always  true  that  the  water  contains  a  com- 
paratively large  amount  of  saline  matter,  and  it  is  important  to  ascertain 
the  proportion  of  the  various  salts  which  make  it  up,  Kspecially  to  be 
avoided  are  sulphate  of  lime  and  the  sulphate  and  other  salts  of  magne- 
sia. Of  course  this  has  reference  to  the' continued  use  of  the  water. 
LSomc  waters  containing  a  quantity  of  purgative  salts  may  be  valuable  as 
medicinal  agents,  but  are  unsuited  for  daily  use.  It  is  important  also  to 
know  the  hardness  of  deep-well  waters  if  the  water  is  intended  for  a 
■pneral  supply  and  not  simply  for  drinking. 
P  The  following  table  contains  some  of  the  results  presented  by  the 
Rivera  Pollution  (^mmission  in  their  Sixth  Report.  The  figures  given 
are  averages;  o(  course  there  is  a  very  considerable  variation  among  the 
individual  wells,  but  the  averages  will  be  more  instructive  than  the  samu 
number  of  examinations  of  particular  wells. 


*  From  Pox*s  Banitai7  BxaminatioD  of  \Vst«,  Air,  and  Food. 
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EXAUNATION  OF  UNPOLLUTBD  WATBB  FBOM  DEBP  WSLL8. 
(PnuUaiid'i  method.    Benlta  axpxoMed  i&  puta  in  100,000.) 
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SanUary  £bcamituUion  of  Surface-wata'a. 

With  the  views  which  are  at  present  held  with  reference  to  the  danger 
from  the  pollution  of  lakes  and  streams  by  sewage  and  other  refuse  sub- 
stances, the  most  important  part  of  the  sanitary  examination  of  such 
sources  of  supply  is  the  inspection  of  the  locality  from  which  the  water  is 
to  be  taken  and  of  the  surroundings.  If  the  stream  or  lake  receives,  in 
proportion  to  its  size,  any  considerable  amount  of  aewa^  or  of  manufac- 
turing refuse,  it  should  be  rejected  as  a  source  of  supply  independent  of 
any  chemical  examination.  The  principal  difficulties  in  the  way  of  the 
satisfactory  chemical  examination  of  surface-waters  are  three  in  number: 
In  the  first  place,  the  volume  of  water  is  generally  so  large  that,  even  when 
polluting  matter  is  known  to  be  present,  the  dilution  is  so  great  as  to 
prevent  the  detection  of  unmistakable  evidence  of  contamination.  In 
the  second  place,  all  surfaoe-waiera  contain  more  or  less  of  organic  sub- 
stances— substances  containing  carbon  and  nitrogen — which  it  is  impos- 
sible to  refer  definitely  to  animal  or  vegetable  sources,  or  otherwise  to 
distinguish  as  harmless  and  harmful.  In  the  third  place,  the  water  of  such 
streams  and  ponds  is  Hubjcct  to  very  considerable  variation,  so  that  the 
examination  of  a  single  sample  is  of  comparatively  little  value.  It  may 
be  possible,  it  is  true,  to  state  from  the  chemical  examination  of  a  single 
sample  that  no  considerable  or  no  appreciable  contamination  exists;  it  is 
impossible  to  recommend  a  water  for  drinking  without  knowing  something 
of  the  situation  and  surroundings  of  the  source  from  which  it  is  taken. 

The  following  stateinonts  will  serve  to  illustrate  the  variations  to  which 
river  and  pond  waters  are  subject.  Weekly  examinations  of  the  water 
supplied  to  the  city  of  Boston  were  made  from  July,  1876,  to  June,  1877, 
inclusive.     The  ammonia  varied  from  0.0006  to  0.0056,  the  '*  albuminoid 


'  These  figures  will  serve  to  Bfaow  the  fallacy  of  ihe  so  oalled  '*  previoos  sewage 
contamination,"     See  page  297. 
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ammonU"  from  0.0099  to  0.0176,  tho  total  solids  {rom  3.73  to  5.58, 
all  ihusc  results  being  exprcsst^il  in  so  many  parts  in  100,000.  In  Hke 
roiiancr,  cxamiimtions  were  tnacje  nearly  every  week  during  the  year  1877 
of  the  water  of  the  Ludlow  reservoir,  a  rucently  flowed  artificial  pond, 
wliich  forms  the  larger  portion  of  the  supply  of  SpringBeld,  Mass.,  and 
which  has  every  summer  a.  copious  growtli  of  niloiYiscupic  algce.  The  am- 
monia varied  from 0.(>t):;J4  to  0.0403;  the  "albuminoid  ammonia'*  in  the  un- 
hltered  water,  from  0.0173  to  0.0890;  in  the  water  after  filti-ation  through 
paper,  from  0.0160  to  0.0432;  and  the  total  solids,  from  3.HG  to  6.7'Z.  A 
similar  variation  is  shown  in  the  monthly  examinations  which  are  made  of 
the  Thames  water,  in  London.  The  following  hguros  show  the  variation 
in  the  case  of  one  of  the  London  companies,  the  Chelsea,  during  the  year 
1873:' 

Total  solids from  25.26    to  39.73,  the  mean  being  37.32 

Organic  carbon "      0.121  to    0.447,  "  0. 1 97 

Organic  nitrogen *'      0.013to    0.067,  "  0.034 

Nitmgen  as  nitratesand  nitrites    "      0.148  to   0.389,  "  0.225 

Chlorine "      1.80  to    2.20,  "  1.93 

Hardness "    18.9     to22.7,  "  80.8 

H  is  very  evident  from  these  figures  that,  although  something  may  be 
learned  (rom  the  results  of  a  single  examination,  in  order  tu  have  any 
complete  or  satisfactory  idea  of  the  charaoter  of  surface-water  a  aeries  of 
examinations  is  necessary,  so  as  to  cover  the  various  seasons  of  the  year 
and  other  changes  in  the  conditions. 

EXAMINATION  OF  SURFACE-WATERS. 
(Pnnkland's  method.     Reaolta  expr«ned  in  parts  in  100,000.) 
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As  to  the  interpretation  of  the  p&rticuUr  results,  surface- waters  can- 
not be  judged  by  thr  same  rulo  as  well-waters. 

While  in  the  case  of  shallow  wells  suspicion  is  awakened  by  the  pies- 
cnceof  from  0.006  to 0.01  parts  in  100,000  of  ammonia  or  of  "albuminoid 
ammoniar*^  in  the  case  of  rivers  which  flow  through  peaty  n^gions  these  fig- 
ures will  be  almost  always  greatly  exceeded;  and  whil(>  th(t  df^lermt nations 
themselves  arc  not  without  value,  they  can  be  interpreted  only  in  the  light 
of  a  knowledge  of  the  history  of  the  water.  The  table  on  the  preceding 
page  will  furnish  some  idea  of  the  results  obtained  in  the  examination  of 
surface  waters  by  Frankland's  method.  The  figures  given  were  obtained 
by  the  Rivers  Pollution  Commission  as  averages,  from  the  examination  of 
a  considerable  number  of  samples  from  various  geological  formations. 
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If  we  adopt  B^-hard's  definition  of  life  as  "  organisation  in  aotion^" 
perfect  health  may  be  described  as  that  condition  in  which  the  various 
functional  activities  of  the  body  are  carried  on  with  thoir  normal  energy 
and  in  a  harmonious  manner.  For  the  maintenance  of  such  a  condition 
of  the  vital  powers  a  certain  amount  of  physical  exercise  is  indispensable, 
since  the  functions  of  respiration  and  of  the  circulation  of  the  blood,  which 
lar^ly  control  the  assimilative  and  disassimilative  prooesses  of  the  Innly^ 
are  directly  and  powerfully  influenced  bj  the  activity  or  inactivity  of  the 
muscular  system. 

EFFECTS    or    KXKBC1HB. 

1.  Local  phenomena  of  muscular  aciion. — The  property  of  contrac- 
tility, by  means  of  which  the  muscles  convert  latent  energy  into  mechani- 
cal motion,  is  inherent  in  the  muscular  substance  itself^  but  in  normal 
life  the  manifestation  of  lhi»  property  is  immediately  determined  through 
the  influence  of  the  nervous  system.  Of  this  "  nervous  influence  "  nothing 
is  known  except  that  it  appears  to  consist  of  a  wave  of  molecular  disturb- 
ance travelling  along  the  nerves  to  thoir  terminal  expansions  in  the  mus- 
cular fibres  at  the  rate  of  33  metres  pur  second,  and  marked  in  its  prug- 
rosa  by  a  diminution  of  the  electrical  current,  detected  by  the  galvano- 
mcterin  quiescent  norve  (the  "  negative  variation  **  of  Du  Bois-Reymoiid). 
On  its  arrival  at  the  muscular  fibre  the  ner^'ous  impulse  is  converted  into 
muscle-inipulsc;  in  other  words,  the  molecular  wave  in  the  nrrve  sets  in 
motion  a  wave  of  molecular  disturbance  in  the  muscle,  traversing  the  fibre 
in  both  directions  from  the  insertion  of  the  end-plate  of  the  nerve  at  the 
rmtc  of  about  three  metres  per  second,'  its  progress  being  marked  by  a 
negative  variation  of  the  natural  electrical  current  of  muscle.  Itetwcen 
the  reception  of  the  nervous  impulse  and  the  initiation  of  the  visible  con- 
tractile movement  an  interval  of  about  ^J,  of  a  second  elapses,  known  as 
the  "latent  period"  (Helmholtz),  which  is  probably  occupied  by  molecular 
changes  in  the  fibre  preparatory  to  its  alteration  in  form.  At  the  close  of 
the  latent  period  the  muscle- impulse  is  succeeded  by  a  wave  of  fontrac- 


'  Benutain :  Untetwnoh.   fiber  dao  ERegnngSTOrgaiig  im  N«rT«a<  nod  MtulceUjr 
teme.  1871. 
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tion,  harin^  the  samo  start injf -point,  the  same  double  direction,  and  about 
the  s&mo  voIoL'ity,  and  occupying  about  ^j  of  a  sor.ond  in  its  transit.  Con- 
traction of  the  individual  fibres  product-js  changes  in  form  of  the  entiir 
muscle,  viz.:  shortening  and  thickening  with  a  trifling  reduction  in  bulk 
(about  ^f^cg  part).  Each  voluntary  muscular  contraction,  moreover,  Is 
compound  in  character,  being  composed  of  a  scries  of  rapid  contractions; 
due  to  an  equally  rapid  succession  of  nerve- impulses  (Wober). 

The  electrical  ohaiig«,  knoirn  as  nogative  Tariation,  whtoli  takes  place  during  oco)* 
tiactiou.  la  vorioualj  Qxplaiom]  acoordiug  to  differonL  theories  of  muM^tilar  action.     Da 
Boia-Reymond  HapptMea  that  «l«>otricul  ciirrenU  are  oonstaatlj  generated   in   liTiny 
miucie,  positive  alucuicity  appearing'  on  the  longitudinal  surface  of  the  fibrea  and 
negative  electricity  at  their  enda.     During  oontraction  the  coxzenta  are  vniy  mncfa  di- 
minished, and,  to  account  for  this  fact,  Da  Boia-Beymood  baa  adTanoed  the  foUowiag 
bypctheaia :  mosoular  tiiaiie,  he  aappoaea,  is  eampoaed  of  a  graat  number  of  morable 
molwoles,  each  of  which  haa  two  negative  potea  and  a  poaitive  etioator.   During  muk 
calar  reat  the  ncgativo  poloa  are  directed  toward  the  ends,  and  the  equatora  toward 
the  longitudinal  aorfaoes  of  the  flbrca.  total  correnta  being  thus  produced  by  the 
union  of  the  numerous  smaller  onea      During  oontraction,  however,  a  partial  roCatioB 
of  the  tnoleculea  takes  plaoo,  bringing  the  negative  pole  of  one  molecoJe  into  oontacl 
with  the  poaitive  equator  of  fta  neighbor,  ao  that  the  currents  are  leaanotioeabloattba 
iiurface  of  the  mtucle,  becaoaa  they  are  almost  entirely  r«tatn*fd  within  its  anbetaAOe. 
This  theory,  whioh  ia  oooepted  by  most  pbyHioIoKiMtJi  aa  a  prorisional  hjpotbcas.  1 
BtrotLKly  opposed  bj  Dr.  C-  B.  Badcliffe.'  who  matotaias  that  the  electrical  oonditi 
of  Diu»cie  i&  not  current,  but  ti-atie,  the  so-called  muade-onrrent  beixig.  in  his  opiniaa,J 
merely  an  accidental  phenomenon  produced  bj  applying  the  eleotrodea  of  thegalraao*  , 
meter  to  pointa  of  diatamilar  tension.     BrivQy  stated,  hia  view  of  miucatar  action  ii  la 
followa(p.  08j:  (I)  "The  state  of  relaxation  is  brought  aboutby  thecfaarg«of  eleotrldtj 
present  in  the  moacle  during  the  state  of  rest,  the  mutual  attractiou  of  tJi«  appositft] 
eiectricitieg  disposed  on  the  two  surfaces  of  the  sheaths  of  the  fibres  elongatuog 
Bbres  by  comprcsaing  the  sheaths  at  right  angles  to  tbeir  surface ;  and  (3)  the  stabst 
oontraotion  is  caused  by  the  discharge  of  the  charge  of  electricity  preaent  durii^  UmI 
state  of  reet,  the  discbai:ge  leaving  the  Qbres  free  to  return,  by  ririne  of  their  elast^J 
city,  from  the  state  of  elongation  into  whioh  they  had  been  forced  by  the  ohaiy&**' 
According  to  this  view,  therefore,  the  sheaths  of  the  mosoles  act  as  »o  many  cb 
Leydon  jara,  and  the  so-called  negative  variation  is  in  reality  due  to  the  oocnrreiKie  of ' 
an  eleotrioal  discharge.     The  theor>-  in.  however,  open  to  the  following  objeetioua  :  ll< 
There  is  no  proof  that  the  sheath  of  muacolar  Bbrc  is  a  tuffloiently  bad  oondactor  to 
serve  oa  a  dieleotrio.  as  is  the  cose  with  the  glaas  of  the  Leyden  jar ;  |3)  neither  thtj 
cardiac  Tniisole  nor  nnstriped  mii«colar  tinsue  poiwoawa  a  sarcolenuua.  or  any  i 
whieh  can  fnirty  be  wM  to  correspond  to  it;   and  (3)   tlie  so-ciUIed  ne^pitive  variatiMJ 
occurs  before  contnvction  begioH,  and  disappcant  a»  soon  as  the  visible  cootnurtJe  move- 
ment in  initiated — a  circumstance,  which,  oooording  to  the  '■  diaoharge  "  theory,  m- 
volves  the  necessity  of  anppoHin;^  that  »  charge  of  electricity  reaocaroulatea  at  the  reiy 
momnot  when  contraction  actually  takes  place. 

The  molecular  vibrations  accompanying  the  contractile  movements  give 
rise  to  a  distinctly  audible  sound,  the  m^tsettiar  iuxurrtu.  Attention  was 
first  cAllf>d  to  this  phenomonon  by  Dr.  Wollaston,*  who  described  it  as  r^ 
eerabling  most  nearly  the  sound  produced  by  "  carriages  at  a  great  di»- 


•  Dynamics  of  Nerve  and  Maieic,  1871. 

'  Croonlas  Lecture  before  the  Boyal  Society,  Nov.  10.  ISOO. 
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tAnce  passing  rapidly  over  a  pavameut,"  and  stated  that  it  is  best  heard  by 
inserting  gently  the  oxtroniity  of  the  finger  into  the  ear,  bringing  at  the 
same  time  the  muaoles  of  the  hand  and  foroarm  into  strong  oontr&cllon. 
Tht'  rate  of  vibration,  as  first  investigated  by  CoUinguee '  and  Haughton,*  in- 
depnntlnntly  of  each  other,  was  detoruiined  to  vary  from  30  lo  36  per  ituuond. 
The  more  recent  investigations  of  Uetmholtz  *  show,  however,  that  white 
the  note  heard  corresponds  to  3G  to  40  vibrations  per  second,  this  tonp  is 
really  a  harmonic  of  the  primary  note,  and  that  the  latter  represents  only 
18  to  20  vibrations  per  second.  In  partial  paralysis  and  exhaustion  of  the 
muscles  the  note  is  lower  in  pitch,  and  the  rate  of  vibration  may  fall  to  0 
or  even  4  per  second.* 

The  tempertWtYf  of  muscle  falls  slightly  at  the  outset  of  contraction, 
probably  in  consequcnco  of  the  increased  specific  heat  of  contraate<i 
muscle  (Heidcnhain),  but  afterward  rises  above  the  temperature  of  mus- 
cular repose,  and  continues  to  i  norease  for  a  time  after  the  cessation  of  the 
contraction  {Thiry,  Myerstein). 

As  rt^garda  vaacular  changes,  it  has  been  demonstrated  by  tho  recent 
experiments  of  Gaskell*  that  the  flow  of  blood  through  muscle  '\»  mcreased 
daring  the  period  of  contraction.  This  observer  found  that  stimulation 
of  the  peripheral  end  of  the  divJdftd  nerve  belonging  to  a  muscle  produces 
not  only  physiological  tetanus^  but  also  a  marked  increase  of  the  rate  of 
6ow  through  the  muscle;  which  increase,  with  prolonged  stimulation,  takes 
place  even  during  tetanus  itself,  and  is  doubtless  due  to  dilatation  of  the 
arterioles  of  the  muscle.  By  moans  of  the  hydrosphygmograph,  Mooso 
has  ascertained  that  an  increased  flow  of  blood  through  muscle  takes  place 
ktao  during  voluntary  muscular  contraction.* 

As  ths  oapi]laT7  veHMts  of  tnnsole  ran  between  the  elementary  flbres.  the  amount 
of  blood-aapply  (sod  oooMqiieoUy  the  omiracity  for  prolonged  work)  muut  twj.  fur  tbu 
Hun«  balk  of  muscle,  in  proportion  to  the  nmallneu  of  the  fihree.  In  women  the  fibres 
an  of  Rmalter  lue  thiui  in  men,  and  Haug^hton  (op.  clt. ,  p.  3)  ol&iroa  to  bare  found  bjr 
direct  experiment  that  "  the  musolea  of  women  are  capable  of  lonffer  continued  woric 
than  thoM  of  men.  nlthongb  inferior  to  tbem  in  force  exerted  for  a  abort  time."  He 
adda  :  "  If  aoj  man  wiahcx  for  a  iiimple  proof  of  the  ioferioritr  of  the  endnrance  of  hia 
mnsoles  as  oompared  with  thoee  of  a  woman,  let  him  oarry  a  child  on  bis  arm  for  the 
Mune  time  that  his  wife  or  nurse  can  do  so  with  ease,  sod  be  will  find  himaelf  much 
fatigued.** 

That  important  chemical  chanyea  take  place  in  muscle  during  contrac- 

*  TnttA  da  Dynamoftoople,  Paris.  1863. 

■  Tbeai!!  for  Medio&l  Dnfpve  in  the  University  of  Dnbltn,  1803. 

'  Ueber  das  Mu-fk«Igchiunch,  Uonabiber.  der  Kg^L  Wad.  d.  Wissenacb.  tn  Berlin, 
18M.  p.  807 ;   and  Ueber  d.  Moakellon.    Verbaodl.  d.  Natarforsch.  Ued.  Ver.  eu  Hei- 
_dalbcr»,  Bd.  TV  .  1860.  p.  88. 

■  '  Haughton:  Principles  of  Anim&l  M'^haoica,  1873.  p.  3-T 

I*  Vaber  dif;  Aendenin^en  dea  Btutstroraes  in  den  Musketn  dnrch  die  Beixnng  ihrer 
ven.      Arbeiten  der  PhjMol.  Anatalt  ni  Lcipiig.  XI.  Jahrjj.,  1870.     Also  .Tonmal  of 
at.  and  Phjr.iinl..  Vol.  XI..  p.  360  and  p  730;   and  Journal  o(  Pbyuologj',  1878,  Noe. 
IT.  and  V  ,  p.  963 

'  Soils  Vadasioui  loosU  del  polso  Detr  antibtaooio  dell*  aomo,  Tarin,  p.  S9. 
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tioD  is  highly  probable,  but  our  present  knowledge  upon  the  subjc 
a  very  fragmentary  oonditioo.  The  blood  escaping  from  muscle  duriug 
contraotioD  ia  much  darker  than  the  venous  blood  of  masoular  repose,  ind 
ia  found  to  contain  a  much  larger  proportion  of  carbonic  acid.  Thus  ex- 
cess of  carbonic  acid  is  considerably  greater  than  can  be  accounted  for  by 
the  amount  of  oxygen  absorbed  during  the  period  of  contraction,  and  must 
be  derived,  therefore,  not  from  a  direct  process  of  oxidation  at  the  time, 
but  from  a  splitting  up  of  compounds  in  which  oxygen  had  been  previ- 
ously stored,  Sarcoloctic  acid  is  also  formed  in  quantities  sufficient  to 
change  the  reaction  of  the  muscular  substance  from  neutral  or  alkaline  in 
a«id.  With  respect  to  other  products,  the  observations  are  less  satiafso* 
tory.  Helmholtz '  found  that  when  a  frog*s  muscle  was  tetanized  to  ex- 
haustion the  fixed  uubstanoes  dissolved  in  the  fluid  expressed  From  the 
flesh  differed  from  those  obtained  from  the  similar  muscle  which  bad  been 
left  in  repose;  the  extractives  soluble  in  water  were  diminished,  while 
those  soluble  in  alcohol  were  increased.  In  Rankers  experiments  a  diminu- 
tion of  albumen  was  observed,  with  a  production  of  fat  and  sugar;  the 
latter,  it  has  been  suggested,  may  have  been  fonned  by  conversion  of 
the  glycogen  present  in  quiosoont  muscle.  The  abscRoe  of  any  marked 
increase  in  the  nitrogenous  products  of  disassimilal inn  in  muscle  during 
exercise  ia  especially  noteworthy.  To  be  sure,  J.  von  I. iebig  claimed  many 
years  ago  to  have  found  an  increase  of  kreatin  in  the  muscles  of  hunted 
animals,  and  Sarakov  states  that  this  substance  and  kreatinin  are  doubled 
in  the  muscles  of  frogs  by  tetaniKation,  but  both  observations  remain  un- 
substantiated. Urea,  exot^pt  oooasionally  in  very  minute  quantities,  is 
absent  from  the  muscles  during  both  rest  and  contraction. 

The  source  of  muscular  power  and  the  development  of  muscles  by  ex- 
ercise will  be  considered  later. 

2.  General  effleiUg  of  erercise. — a.  On  Ms  respiration.. — The  raosl  im- 
portant changes  produced  in  the  respiratory  function  by  muscular  exor- 
cise are:  acceleration  of  breathing,  increased  absorption  of  oxygen, and 
increased  elimination  of  carbonic  acid  and  water.  During  continued 
exercise  the  acceleration  of  breathing  and  the  quantity  of  air  inspired 
usually  correspond  to  the  amount  of  mechanical  work  performed.* 

The  following  table,  abridged  from  the  results  of  Dr.  Edward  Smith's 
experiments,'  gives  the  relative  quantities  of  utr  inspired  during  varions 
fcMins  of  muscular  exertion,  the  amount  inspired  in  the  recumbent  position 
at  rest  being  taken  as  unity: 

Sitti  ng  posture. 1.18 

SUnding     '*      1.33 

Walking  one  mile  per  hour. 1.9 

Riding  on  horseback  at  walking  pace 2.2 

Walking  two  miles  per  hour 2,76 

1  Hflllar'a  Archiv,  184S. 

'  A  Datable  exception  to  this  mle  oocsoz*  In  rowing  (AM  p.  8S4>. 

'  Health  and  DbttaM,  IBOI,  p.  30a 
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Riding  on  horseback  at  cantering  pace 3.16 

Walking  at  three  miles  per  hour 3.82 

"  ••  "        and  carrying  34  lbs. . .  3.5 

"  "  "  "  62   "...  3.84 

Riding  on  horseback  at  the  trotting  pace 4.06 

Swimming 4.33 

Walking  at  three  miles  per  hour  and  carrying  118  lbs. .  4.75 

•'         four       **  "  "  "     ..  5.0 

The  tread-whecI 6.5 

Running  at  six  miles  per  hour. 7-0 

With  respect  to  the  pulmonary  elimination  of  carbonic  acid  during 
exercifle,  as  compared  with  rest,  the  cxpcrinienta  of  the  same  authur  give 
the  following  results: ' 


PMportionB  willi 

r««t  9US  xmity. 


During  rest 

Walking  at  2  miles  per  hour  and 

carrj'ing  7  lbs 

Walking  at  3  miies  per  hour 

On   tread-wheel,  when  lifting  196 

Ibfl.  through  VJ'iO  feet  per  hour. 


13. 1 1  grains  per  minute. 

24.26       »  " 

34.66       "  " 

57.68       " 


1.85 
2.64 

440 


He  also  gives  the  following  general  estimate  of  the  daily  amounts  of 
carbonic  aoid  expired  by  the  non-laboring  aud  laboring  classes: 


in  rest  with  tl^  houn*  standing 

Non-laborious  class,  with  three  hours'  walking  at 

2  miles,  and  1  hour  at  3  miles  per  hour 

laborious  class,  three  times  the  above  addition. 


ProporttooB  with 

reat  &a  unity. 


11.427-^6 

14.572-38 
IS.  732-79 


1.27 
1.63 


The  experiments  of  Pettenkofcr  and  Voit  upon  the  elimination  of 
oarbonic  acid  and  absorption  of  oxygen  during  rest  and  exercise  were  con- 
ducted with  the  aid  of  apparatus,  which  sec-ured  a  hlglier  degree  of  accu- 
racy than  was  attainable  by  previous  methods  of  investigation.  The  fol- 
lowing table  gives  the  results  in  abridged  fonn:  * 

*  OsK  cit..  p  303. 

*  Zeitacbrift  ftir  Bfologlo,  Bd.  11,  p.  646.  A  Iarg«  respiration-Eppantns  was  used, 
in  which  the  subject  of  erperimeot  remained  for  tweoty-four  boum.  The  above  table 
iDoladea  oolj  the  experimeaUf  rnade  withont  alteration  of  diet.  Tbej  wem  ATe  in 
nnmber.  three  during  retit'dttjrs,  and  two  diiriiiff  work-daya.  During  tb«  rcdt-dayii  the 
moo,  a  watchmaker,  either  read  or  amuaed   himself   by  taking'  apart  and  cleaning 

VOL.  J.— »1 


32S 


FHTSIOAL    BXERCC4£. 


Arerage  eUoLliuitloD  of  oarbonio  soid 

in  gminiL 

Avnage  ftbaoiptiaa  of  o^- 
gen  in  i^iams. 

D»r.* 

NIgbL 

Dv. 

BUfiA. 

Refit 

8825.35 
13217.50 

6100.73 
5447.4& 

5771.56 
8410.44 

70G3.60 

Work 

6730.63 

+  4393.35 

-653.24 

-1-2638.88 

—341.97 

If  the  amount  of  carbonic  aoid  eliminated  and  oxygen  absorbed  during 
rest  be  respectively  taken  as  unity,  the  average  gain  during  the  work' 
days  was: 


Daj-hoon. 

Entire  34  hooiB. 

1.6 
1.45 

1. 

1.2 

The  amount  of  aqueous  vapor  in  the  expired  air  is  also  largely  increased 
by  exercise. 

b.  On  t/te  circulation. — During  moderately  energetic  exercise  the 
heart  bests  more  frequently  and  forcibly,  the  arteries  dilate,  *nd  a  larger 
stream  of  blood  is  propelled  through  the  body,  but  especially  to  the  mus- 
cles where  the  increased  flux  is  required.  If  the  exertion  be  very  severr* 
the  cardiac  Contractions  become  still  more  frequent,  feebler,  and  finallv 
irregular,  while  at  the  same  time  a  peculiar  form  of  dyspnnna  is  experi- 
enced, which  is  familiarly  known  as  *Moss  of  wind."  This  distress  in 
breathing  is  produced  by  disturbance  of  the  equilibrium  between  the  re- 
spiratory and  the  circulating  organs,  the  disturbance  in  question  being  thr 
combined  result  of  several  causes.  In  the  first  place,  energetic  oontraction 
of  the  muscles,  as  is  well  known,  accelerates  the  venous  circulation,  and 
thus  determines  an  increased  flow  of  blood  to  the  right  aide  of  the  heart. 

The  explnnation  commonly  given  of  this  Temlt,  rix.,  that  tlie  aooel«ration  of  tb« 
TfinmiH  cum-nt  in  chiefly  due  to  compreMJon  of  the  veiuH  miming  between  the  primi- 
tive muHcalar  fibres,  la  boned  upon  a  misconception  of  the  actual  vaactilar  ehangw 
which  oconr  in  the  tnunolas  during  cnnlrat^inii.  TIiiik.  it  i%  oummonlj  held  that  mu» 
cular  coDtmotion  produces  the  doable  efft'ct  of  favoring  the  return  currvnt  Lhroo^  the 
tnuscular  Teios.  and-of  obatmcting  the  dow  through  the  moscnlar  arteriea.     On  tlte 

watches.  On  work-day*  he  exeroiaed  for  nine  honn  a  day  by  tnming  the  oraok  of  t 
who«l  losded  with  a  weight  sufficient  to  make  the  reaiittauae  at  ttie  aide  aboni  H\xu\ 
lu  Che  reBistance  of  the  tiiming-lathe  in  his  workshop.  The  labor  (7,&U0  rcTolatiooi 
per  day)  occasioned  moderate  fatigne. 

'  Day  and  night  represent  here  periods  of  twelve  bonn  eaoh. 
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oontnu7,  It  in  highly  probable  that  ao  comprcBiion  of  the  reias  oooon  In  maaoles  lo 
which  the  TetaeU  ran  paniilel  to  the  Rbre*.  wbile,  as  regurds  the  artenea,  the  expert* 
menta  of  GmIcvU  <p.  S19i  hare-  demonatrated  that  tbu  artdciul  circulatiou  of  tutwulo  la 
Ttmilj  incrfoaM  tluring  the  period  of  coiitraotion.  Tbo  inereosod  flow  of  blood,  weap- 
tof  from  miuclc  daring  contraction,  i5  the  direct  result,  tberufort*.  uf  au  iacrewed 
uterikl  afflox.  At  lh«  saiue  time,  stthough  the  miuculai  veim  thentfluWea  probably 
aaoapo  cotnpreniou  by  the  contrmctiBg'ninscle,  the  large  veioB  running  in  its  immediate 
□eigbborbood  arc  pressed  u(wn  by  the  thickened  mnsoular  man,  and  ibelr  coQtentH 
propeUed  by  the  presnuro  exerted. 

!□  extreme  exertion,  inoroovcr,  the  heart  is  Further  embarrassed,  as 
Clifford  Allbutt  has  pointed  out,  hy  the  action  of  the  respiration.  At  tlie 
end  of  a  deep  inspiration^  especially  if  the  breath  be  held  fur  attme,  the  in- 
oreased  pressure  of  the  air  upon  the  inner  surface  of  the  air-cells  impedes 
the  flow  of  blooil  from  the  right  side  of  the  heart,  while  the  compression  of 
the  heart  itself,  by  the  distendeil  lunjjs,  tends  first  to  overfill  the  cavip  and 
innominate  veins,  an<l  afterward,  when  the  pressure  is  removed,  to  still 
further  engforge  the  right  auricle  and  ventricle.  Durincr  general  muscular 
contraction,  moreover,  as  has  been  tlemonatrated  by  Traubc,  the  arterial 
pressure  is  increased  at  the  outset  of  the  exertion,  before  the  arteries  have 
become  relaxed,  and  this  in  turn  may  lead  to  distention  of  the  left  cavities 
of  the  heart  and  engorgement  of  the  pulmonary  circulation.  To  these  causes 
may  be  added  another,  viz.,  exhaustion  of  the  respiratory  muscles,  partly  as 
a  direct  effect  of  the  unusual  labor  thrown  upon  them,  and  partly  in  ronse- 
quence  of  an  inadequate  supply  of  properly  oxygenated  blootL  If  the 
disturbance  of  the  pulmo-cardiao  equilibrium  bo  severe,  and  continue  un> 
relieved,  general  prostration  ensues  long  before  the  muscles  engaged  in 
the  work  are  exhausted.  If,  on  the  other  hand,  the  equilibrium  bo  re- 
stored, as  is  commonly  the  case  when  the  disturbance  is  slight^  or  when 
the  lungs  and  heart  have  been  previously  trained  to  accomplish  the  restitu- 
tion, the  distress  disappears,  and  the  individual  is  then  said  to  have  gainerl 
his  "aecond  wind,*'  which  enables  him  to  continue  the  exertion  up  to  the 
h'mits  of  muscular  exhaustion. 

c.  On  the  eui'-tneotu  stcretion. — During  active  exercise  the  skin  flushes 
from  dilatation  of  the  cutaneous  vessels,  and  a  more  or  less  copious  trans- 
piration of  water  takes  place,  containing  chloride  of  sodium  and  other 
inorganio  salts,  fatty  acitis  and  neutral  fats.  The  evidoneo  in  regard  to 
the  presence  of  urea  is  conHicting;  tlie  careful  investigations  of  Hanke' 
and  others,  however,  render  it  improbable  that  any  appreciable  amount  of 
urea  escapes  in  the  sweat  during  health. 

The  quantity  of  water  escaping  by  the  skin  during  exercise  has  never 
been  accurately  determined,  irrespective  of  that  eliminated  by  the  lungs. 
Fuiike*s  experiment  of  collecting  the  sweat  from  an  arm  surrounded  by  a 
caoutchouc  bag  is  open  to  obvious  objections.  Pettenkofer  and  Voit,  in 
the  experiments  previously  refcmvl  tn,  fouml  that  with  nu-nU-rate  exertion 
the  quantity  uf  water  passing  oIT  through  l)oth  lungs  and  skin  was  more 
than  doubled.     In  severe  work  this  ratio  ia  very  considerably  increased. 
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Maclarcn '  found  that  in  his  own  case  the  arera^  loss  br  respiration  and 
[wrspinition  diirinj^  six  consecutive  days,aft«r  uii  hoards  energetic  funcing, 
amounted  to  about  three  pounds,  or,  accurat(;]y,  forty  ounces,  with  a 
varying  range  of  eight  ounces.  ^Ve  are  informed  by  members  of  a 
university  boat-crew  that,  during  their  racing  practice  in  hot  weather,  this 
long  afternoon  pull  not  infrcqucutly  lowered  the  body-weight  by  from 
foar  to  six  pounds;  and  in  another  instance,  for  which  we  have  good 
authority,  a  student  in  an  English  university,  witli  the  Wew  of  obtaining 
a  position  on  the  university  crew,  reduced  his  weight  twelve  pounds  by 
a  single  long  run  in  hea*'y  clothing.  Those  losses  are,  of  course,  usually 
replaced  in  a  few  houra  by  copious  drinking. 

So  long  as  the  transpiration  and  evaporation  of  water  take  place  freely 
the  tetnperatnr*'.  of  tlie  body  rises  but  little  during  exercise,  and  in  fact 
may  even  fall  slightly  beluw  the  normal.  After  cessation  of  work  the 
cooling  of  the  body  continues  for  a  time,  and  depresses  the  temperature 
temporarily  by  one  or  more  dogreea.  If  the  skin  acts  imperfectly  the 
heat  generated  by  muscular  contraction  accumulates  ia  the  body,  excitea 
languor  and  other  febrile  symptoms,  and  thus  indisposes  to  a  continuance 
of  the  exertion. 

d.  On  the  dijestive  ffydt^/n.— Corresponding  to  the  increased  waste 
there  ia  an  increased  demand  for  food,  manifesting  itself  in  improved  ap- 
petite and  more  rapid  digestion  and  abaorptton.  During  its  later  stages 
digestion  is  favored  by  the  vigorous  abdominal  circulation  incidental  to 
active  exercise,  and  probably  also  by  the  more  frequent  concussions  tt 
which  the  abdominal  viscera  are  subjected  by  the  action  of  the  diaphragm 
in  hurried  respiration.  On  the  other  hand,  exercise  taken  .v>on  after  a 
meal  tends  to  retard  digestion  by  preventing  the  necessarj'  flux  of  blood 
to  the  stomach,  as  well  as  hy  prematurely  expelling  the  contents  of  the 
stomach  into  the  intestinal  canal. 

e.  On  the  function*  of  f/«  nervous  system. — The  effect  of  vnodtratf 
muscular  exercise  in  improving  the  tone  of  the  nervous  system  is  so 
patent  to  common  observation  as  to  require  no  special  discussion  hen* ; 
the  result,  however,  of  systematic  Moere  physical  exertion  upon  the  men- 
tal y^ovict^,  ia  not  HO  evident.  Does  a  large  expenditure  of  energy  in  lht» 
direction  of  the  muscles  appreciably  diminish  the  stock  of  energy  avail- 
able for  the  purely  mentiil  functions?  The  question  certainly  merits  i 
ful  attention,  in  view  of  the  recent  remarkable  growth  of  athleticism  i»1 
Great  Britain  and  this  countn,',  particularly  among  those  cmgaged  in  more 
or  less  intellectual  pursuits.  The  common  objection  to  athletic  exerciw* 
drawn  from  the  proverbial  stupidity  of  professional  athletes — whom  Plat 
described  as  "  sleeping  away  their  Uvea*'— has  obviously  no  direct  bcorin 
upon  the  point  at  issue.  Functional  activity,  whether  of  the  brain  or 
muscle'^,  is  coiiditiofuii  upon  tJie  jtcrformance  of  loork^  and  the  natural 
tendency  of  any  mode  of  life  that  cultivates  the  physical,  to  tht-  alinc 
total  neglect  of  the  mental  powers,  must  be  to  induce  deterioration 
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th«  latter.  It  is  equally  clear,  also/that  indisposition  to  mental  exertion 
will  be  experieiicud  during  a  coarse  of  systt-mutie  exorcise,  whenever  tho 
rxertioii  is  pushed  to  iho  point  of  producing?  a  state  of  preuornl  depression, 
saoli  as  occasionally  results  from  **  over-training."  Alniut  thesfl  facta 
there  is  no  dispute  ;  the  question  is  rather,  whether  carcJ'itUt/  rfyt^ated 
physical  exertion — in  Kueh  amount,  for  InHtan^'i-,  as  is  nect^sary  toprejiare 
healthy  young  men  for  engaging  in  the  severer  athletic  contests  (boat- 
racing,  foot-ball,  etc.),  tends  to  produce  ax-erston  to,  or  disqualification 
for,  mental  work.  That  no  such  yenerai  tendency  is  observable  in  the 
4^la«s  of  persons  most  likely  to  exhibit  it,  viz.,  students  who  devote  con- 
■siderable  attention  to  athletic  exercises,  has  been  clearly  shown,  at  least 
for  the  Knglish  universities,  by  the  investigations  of  ^[r.  U.  F.  Clarke, 
formerly  Fellow  and  Tutor  of  St,  John's  College,  Oxford,'  and  Dr.  J.  E. 
Morgan,  of  Manchester,  Kngland.*  It  appears  from  their  inquiries  that 
both  at  Oxford  and  Cambridge,  and  particularly  at  the  latter  univer- 
aity,  the  rowing-men  and  cricketers  have  obtained  more  than  their  pro- 
portional share  of  academic  honors.  No  statistics  of  like  character  have- 
been  compiled  for  thi.s  country  ;  but  wo  are  satisfied,  from  personal  obser- 
vation and  numerrjus  inquiries,  that  a  similar  investigation  for  our  own 
colleges  would  elicit  an  equally  favorable  result.  Itu  be  sure,  an  exces- 
sive devotion  to  athletic  sports  undouhtodly  lends  to  the  waste  of  much 
time  that  ought  to  be  spent  iii  study  ;  but  such  an  expenditure  of  time 
is  uunecesaary,  and  la  not  etrnt  em  plated  in  the  present  remarks.  Dismiss- 
ing this  aide  issue,  it  remains  to  be  eonsidered  whether  the  amount  of 
muscular  exercise  indicated  in  our  previous  statement  of  the  point  at  issue 
faat  any  direct  tendency  to  diminish  the  pdwer  of  mental  application. 
Now,  it  is  to  be  liorne  in  mind  that,  while  it  is  one  of  the  objects  of  a 
■course  of  training  to  cultivate  muscular  strength,  it  is  equally  an  object 
to  maintain  the  other  organs  of  the  body  in  a  condition  of  perfect  health; 
indeed,  the  highest  degree  of  muscular  strength  is  obtained  only  when  the 
f:«iieral  nutrition  is  carried  on  with  the  greatest  activity.  That  the  brain 
must  share  in  the  general  improvement  of  nutrition,  at  least  in  so  far  as  a 
^nonius  supply  of  nutrient  material  is  concerned,  and  that  it  should  be 
*ble  to  respond  to  any  reasonable  demand  upon  its  functional  activity,  is 
certainly  no  more  than  might  be  expected  from  known  physiological  laws. 
It  may  safely  be  conceded,  therefore,  that,  fith  jiruj>er  precatttifujuy  great 
bodily  is  entirely  compatible  with  great  mental  activity — but  only  with 
projier  precsauti(ms  :  the  ramlle  wuat  not  be  burned  at  both,  endfi.  Ex- 
hausting exercise  cannot  be  followed  by  an  excessive  drain  upon  tho  ener- 
gies of  the  mind  without  danger  nf  the  most  serious  consequences, 

A  word,  in  conclusion,  with  reference  to  the  influence  of  systematio 
physical  exercise  in  developing  volitiotud  power,  and  in  this  way  cultivat- 
ing important  traits  of  character.  Vigorous  muscular  exertion,  especially 
when  pushed  to  tho  point  of  fatigue,  demands  a  vigorous  exercise  of  the 


'  Pamphlet  on  the  latellectuAl  loflafinoe  of  Athleticism,  IBOO. 
'Univpnritr  Oara,  etc.,  Londou,  1873. 
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wiit  f  a  coDW-toiiftnosfi  of  increased  power  is  thus  acquired,  and  tbi*  irt 
tvim  bogots  self- con  tide  nee,  resohuion,  and  courage — qnalitiea  which,  \i 
riffhtty  directed  by  proper  mural  and  intellectual  training,  elevate  llie 
tone  oftheentiro  character,  and  aid  to  an  important  degree  in  subduing 
the  passions.  Indeeil,  the  more  perfect  control  which  the  mind  posscssea 
over  a  vigorous  thao  over  a  morbidly  sensitive  bodji  is  a  matter  of  every- 
day observation,  and  has  given  rise  to  Houstieau'a  seeming  paradox:  "the 
weaker  the  body,  llie  more  it  commands  ;  the  stronger  it  is,  the  more  it 
obeys."'  U  is  unnecessary  to  pursue  this  line  o(  thought  further,  but  it 
may  be  interesting  to  note  that  the  ooncnption  ben>  given,  uf  phvslral 
exercise  as  a  training  for  the  mind  no  less  than  for  the  body,  lay  at  the 
foundation  of  Plato's  views  of  the  real  function  uf  gymnastic  exercises  in 
the  education  of  Greek  youths.'  The  toils  and  exen-ises  of  gymn&sticSj  he 
says,  if  overstrained,  are  likely  to  make  men  bard  and  brutal ;  but,  if 
projierly  regulated,  stinmlatc  the  spirited  element  of  their  nature,  mak» 
them  valiant,  and  dittvipline  their  pasNionK. 

f.  On  the  yeuentticA  ^funf^tionj!.— The  immediate  effect  of  vigorous 
exercise  upon  the  generative  organs  is  to  diminish  the  sexual  impulse  by 
diverting  nervous  energy  into  other  channels  ;  hence  the  relief  afforded 
by  activo  exercise  in  eases  of  morbid  sexual  irritability  arising  from  th*> 
utM*  of  stimulating  foofl  and  a  Ufe  of  idleness.  Keuiotely.  the  generative 
system,  etjually  with  other  organs,  is  invigorated  by  systematic  exercise. 

g.  On  tht  urine. — ^The  effects  of  active  exorcise  upon  the  unne  bar* 
been  studied  by  numerous  observers,  and  with  tolerably  uniform  results, 
except  as  regartU  the  elimination  uf  urea-  The  aqueous  p<jrtion  of  the 
urine  (except  when  water  his  be-in  dniuk  freely  during  the  exertion)  and 
chloride  of  sodium  are  diminished,  in  consequence  of  the  increased  excre- 
tion of  these  substances  by  the  skin;  on  the  other  hand,  the  uric  acid,  the 
sulphuric  and  phosphoric  acids  and  the  jiigment  arc  increased.  Of  the 
bases — soda,  potash,  lime,  and  magnesia — the  two  fonuer  are  discharged 
ill  greater  excess  than  are  the  two  latter.'  With  respect  to  the  nitro- 
genous elimination  during  exercise,  as  nifosured  chiefly  by  the  urea  dis- 
charged, the  results  of  observation  are  so  discrepant  that  it  is  difTictdt  to 
reconcile  them  with  the  accuracy  of  any  general  conclusions  upon  the 
subject.  A  brief  sketch  of  the  more  important  exiJeriments  may  be  of 
interest.  J.  F.  Simon  {184'^)  *  found  the  urea  slightly  increased  in  conse- 
quence of  persevering  exercise.  These  experiments  were  conducted  with- 
out reference  to  the  nature  of  the  diet.  .\  similar  result  wasobtained  by 
the  researches  of  C.  G.  Lehmatin  (lfe44).'  The  diet  beiag  nearly  the 
same,  his  average  excretion  of  urea  during  days  of  rest  was  about  32 
grammes,  but,  during  days  of  considerable  iKnlily  exertion,  the  quantity 


<  EmOius,  J.  J.  Roofweaa,  1703. 

'  llie  DialoKaes  of  Plato,  p&rtioulaily  '^  The  Repabllc,"  Jowett's  tnuulation. 

*  Pivrkes  .    Pracliosl  Hygiens.  1878,  p.  414. 

*  Umidbuch  <1.  iuig«w.  iu«d.  Cb«m.,  1843.  11,  S.  868. 

*  Ws^or's  Handbuch  A.  Pb^aioL   Bond  U,  S.  31,  uid  LfthTaann's  Phys.  Cbsmic, 
Bd.  1,  S.  104.  lt<44. 


Tomv  to  36.37  grammes.  W.  A.  Hammond  (1655) '  found  thai  in  his  own 
CAM  the  urea  was  largely  increaaed  by  exercise.  Ilia  experiments  were 
carried  out  for  three  days  upon  au  uniform  mixed  diet.  On  the  tirst  day 
moderate  exercise  was  taken^  viz.,  a  walk  of  '2^  miles  and  horseback  ride 
of  3  miles;  on  the  second  day,  a  brisk  walk  of  S^  miles  over  a  hilly  coun- 
try, a  horseback  ride  of  10  miles,  and  2^  hours  of  quoit-pitching;  on  the 
third  day,  absolute  rest. 

The  following  table  gives  the  respective  amounts  of  urea  eliminated: 

Moderate  exercise 082.09  grains. 

Inoreued      "       864.97      " 

No  "       487.00      " 
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In  18G1  Dr,  Edward  Smith  conducted  a  series  of  experiments  upon 
the  prisonerft  at  ColdbHth-fiulds  by  exercising  them  upon  the  tread*wheei, 
and  came  to  the  following  conclusions: 

"  1.  When  the  tread-wheel  is  worked  for  a  short  period,  say  1^  hours, 
in  the  absence  of  food,  there  is  no  increase  in  the  elimination  of  urea 
during  that  period. 

**  2.  When  the  Iread-wheel  is  worked  with  ordinary  food,  the  increase 
of  urea  is  not  more  than  5  per  eent^  over  the  quantity  which  is  eliminated 
with  ver}'  light  work  and  with  the  name  food. 

*' 3.  When  two  different  dietaries  are  provided,  varying  in  nitrogen, 
but  the  exertion  always  remaining  the  same,  there  i.s  the  greatest  excre- 
tion of  urea  with  the  diet  richest  in  nitrogen,"  * 

Id  18G6  Fick  and  Wislicenus'  publislied  an  account  of  an  experiment 
conducted  upon  themselves  in  connection  with  their  ascent  of  the  Faul- 
horn,  one  of  the  Bomese  Alps,  which  rises  C417.5  above  the  Lake  of 
Brientx.  For  seventeen  hours  before  the  ascent,  and  for  six  hours  after 
its  oompletion,  no  albuminoid  food  was  taken,  the  diet  being  composed 
solely  of  cakes  made  of  fat,  sugar,  aud  starch.  At  the  end  of  this  time  a 
hearty  meal  of  meat,  etc.,  was  eaten.  The  ascent  began  at  half-past  five 
o^clock  in  the  morning,  August  30th,  and  lasted  eight  hours.  The  urine 
waa  collected  for  three  periods:  (I)  the  eleven  hours  preceding  the  start, 
(2)  the  eight  hours  of  ascent,  and  (3)  the  succeeding  six  hours  of  rest,  the 
latter  to  allow  for  the  elimination  of  any  urea  that  might  have  formed, 
but  been  retained  during  the  excretion.  The  amounts  of  urea  for  the 
tbree  periods  were  respectively: 


1.  Uraa  of  11  botini  befon  labor. . 

a.       "     '♦    8     '*      oflabor 

3.       "**«'•       "rest. 


FIcL. 


388.ffS  graiaa 
lOft.46    *'       t  IRQ  77 


WliUoaatn. 


3S1 .05  grains. 
lOB-M    *■ 
70.W)    " 


183.36. 


■  American  Jour,  M«d.  Sdeooec,  Januar}-,  1855. 

'Op.  cit.  p.  372. 

*  PhUoftopbical  Maffatine,  XXXI  (1806),  p.  485. 


338 


PUYSIOAL   EXSltCISK. 


The  urine  for  the  night  (11  hours)  succeeding  the  rest-period  conLuurd 
otily  (Fick)  150.15  grains  of  urea,  and  (VVisliccnus)  1TG.71  grains,  not- 
witliHtanding  tho  hearty  meal  of  nitrogenous  food  taken  the  evening 
before. 

In  the  same  year  (1S66),  Pottenkofer  and  Volt,  !n  conneotion  with  the 
experiments  already  monlionod  (see  p.  323),  inresti^ted  the  vliminaliou 
of  urea  as  affected  by  cxerotise,  with  the  following-  result: 

Hest-day  (arerugo  of  three  days) 564.81  grains. 

Work-day  (average  of  two  days), . .  .    507.89       " 

Average  deficit  on  work -day 3.08      " 

The  experiments  of  Kick  and  Wislicenus  attracted  much  ftttentioa] 
from  their  supposed  important  bearing  upon  the  question  of  the  sourLHr  o(i 
muscular  power,  and  in  order  to  test  the  correctness  of  their  conclusions, 
the  late  Br.  Parkes,'  in  December  of- the  same  year,  made  u  seriea  of  oh- 
ser^'ations  upon  two  healthy  soldiers,  S.  and  T.,  belonging  to  the  Army 
Hospital  Corps  at  Netley.  The  ex(>eriment»  extended  over  sixteen  flays, 
two  of  which  were  occupied  in  moderately  severe  exertion,  til,  a  walk  of 
23. T6  miles  in  one  day,  and  another  of  33.78  miles  on  the  day  fuUowiog. 
Tho  remainder  of  the  time  was  spent  cither  at  rest  or  in  their  ordinary 
work.  In  two  of  the  exi>oriments  the  diet  was  rt*stricted  to  non-nitro- 
genous sub.stances — arrow-root,  jelly,  sugar,  and  butter.  The  following 
table  gives  tho  respective  quantities  of  urea  excreted: 


I. —  Ordinary  Diet  and  Work, 

Oniai. 

Mean  of  4  days— S 5*;t.l3 

"  *«  T 309.1*9 

IL — Nbn'nitrogen<nts  Dift  and  Jiett. 

Mean  of  3  days— S '. 858.71 

**  «      "       T 331.94 

in. —  Ordinary  Diet  and  Work. 

Mean  of  4  days— S , 394.36 

«  «  T. , 330.10 

IV. — Nbn-nitroffenous  Diet  and  Active  ExerdM, 

Mean  of  %  dava- S. 263.34 

«      '       T. 2W.33 
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v. —  Ordinary  Diet  and  Work. 

Mean  of  4  d»ys— S. 407.34 

"         "  T. 359.90 

These  experiments  domonstrate  clearly  that  the  excretion  of  urea  is 
far  more  depeitdeut  upon  the  ainouDt  uf  oitrogen  iagesteil  than  upon 
the  energy  expended  by  the  luuitclea,  while  a  oomparison  of  the  1 1,  and 
IV.  experiments  shows  that  upon  a  no n -nitrogenous  diet  the  differ- 
ences in  the  amount  of  urea  eliminated  were  so  slight  as  to  be  at- 
tributable to  errors  in  analysis.  In  order  to  obviate  the  natural  objec- 
tion that  these  two  oxperiuients  were  conducted  under  abnormal  physio- 
logical conditions.  Dr.  Purkos  made  another  series  of  observations,'  similar 
in  ail  respects  to  the  preceding  experiments,  except  that  another  soldier, 
B.,  was  sulwtitutcd  for  T.,  that  the  diet  was  uniform  (m^ixed  nitrogt'ni>us 
and  non-nitrogenous  food)  throughout  the  whole  period,  and  that  the  dis- 
tances walked  during  the  days  of  extraordinary  exertion  wore  respectivoly 
32  and  35  miles. 

I. —  Ordinal^  Work. 

OmteB. 

Mean  of  4  days— S. 567.18 

"  *•  B 573.05 

Mean  of  2  days— S 591,73 

V  «  B .,,.» 603.39 

m.—  Ordhtary  Work. 

Mean  of  4  days— S 557.48 

"  «  B 579.22 

IV. — Active  ^JiwTww. 

Mean  of  2  davs— S 596.37 

«         "     '      B 625.39 

V. — Ordinart/  Work, 

Mean  of  4  days— S 629,79 

**  "  B 600.44 


In  1868  ProfL  Ilau^ton  reported  a  series  of  experiments^  conducted 


'  Prooeedinffft  of  the  Hoynl  Society,  Vol  XVI..  No.  M,  1867. 
■The  Lfincet,  tH68,  Aug.,  p  361. 
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Upon  himself  with  reference  to  this  point.     He  6rsi  ascertained  by  a 
number  of  observations  hia  average  elinunation  of  urea  uuder  bis  ordinary 
conditions  of  exercise  (walking  about  five  miles  a  day),  and  then  deter- 
mined the  amounts  of  urea  excreted  during  five  days  of  unusual  exercisa  i 
(walking  on  au  average  "iO  miles  daily).    The  result  was  as  follows: 


Or^na. 


Moderate  exercise 501.28  per  day. 

Severe  exercise , 501.16       *' 


Notwithstanding  the  apparently  conclusive  settlement  of  the  question 
by  the  observations  of  Smith,  Fiek  and  VVislicenus,  Pettenkofcr  and  Voil, 
Parkes,  and  Haughton,  the  whole  controversy  was  reopened  in  1871  byj 
the  experiments  o(  Atisiin  Flint,  Jr.,  upon  the  pedestrian,  Eilwanl  Paysi 
Weston,  in  connection  with  the  latter's  walk  in  New  V'ork  daKng  May, 
1870,  of  317^^  miles  in  five  days.'  In  1670  Dr.  Pavy  conducted  a  series 
of  similar  observations  upon  the  same  person  daring  his  pedestrian  pei^ 
formances  in  Loudon.*  Upon  this  occasion  Weston  undertook  thrve, 
separate  ioats:  a  walk  of  48  hourS;,  one  of  75  hours,  and  a  third  of  atiO 
miles  in  six  days,  the  distance  actually  accomplished  during  the  Utter 
efTort  being  4<V)  miles.  This  last  walk  is  the  only  one  of  the  three  which 
is  strictly  comparable,  so  far  as  the  conditions  of  experiments  are  con* 
cemed,  with  the  one  made  utnler  Flint's  observation,  and  wc  have  omitted 
the  results  of  the  first  two  walks  from  the  present  consideration.  The 
general  result,  aa  given  below,  is  not,  however,  materially  aiTeoted  thereby. 

FLINTS   OBSEHVATION8. 


Duily  Averafffji/br  Three  Periods, 


Nitrogen  of  food 

TTroa 

Uric  acid. 

Nitrogen  of  ures  and  uric 
acid. 

Percentage  of  nitrogen 
excreted  in  urea  and 
uric  acid 


Five  days  bafore 
the  walk. 


33fl.4G  grains. 

2.26       •* 
293.93       " 


86.5d 


Five  dars  of  the 
walk. 


Five  daja  aflor 

the  walk. 


234.7C  graina 
722,16       " 
3.00       " 

338.01       " 


143.98 


440.93  gnina. 

726.79      " 
1.42       " 

339.04      " 


77.03 


•  N.  Y.  Uedio&I  Joomal.  June.  1871 ;  also.  The  Source  of  Muscular  Power,  N.  Y.. 
1878. 

'  Th«  Lanost,  1876,  Vol.  L,  pp.  S19,  853,  SUS,  439,  466  ;  Vol.  11.,  pp.  741,  8tS, 

848,687. 
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Nitroeen  vi  food 

Urea. 

Uric  acid' 

Nitrogen  of  urea  aud  uric 
a<Md. 

Perct'iitago  of  nitrogon 
excreted  in  urea  and 
uric  acid 


477.48  grains. 

667.07       " 

27.39       •• 

319.91       " 


66.99 


671.7i!  grains, 
1089.56       " 
39.51       *• 

521.54       " 


77.64 


Not  calculated. 
642.30 

25.84 

308.30 


Not  calculated. 


The  above  experiments  upon  Weeton  clearly  demonstrate  that  with  a 
nitroj^ous  diet,  very  severe  muscular  exertion,  especially  if  continued 
for  a  series  of  days,  unmistakably  increases  the  eliinination  of  urea  during 
the  period  of  work,  over  and  above  the  amount  that  can  be  accounted  for 
by  the  iiitrogt?ii  ing-enled.  With  iiitxftnUe  exercise  the  in<.Teii8eil  eliitiina- 
tioD  is  often  not  apparent  at  the  time,  but  sliows  itself  dnring^  the  suc- 
eeeding  period  of  rest.  In  Parke's  carefully  conducted  experiments  (see 
ante)  it  was  found  that  while  the  excretion  of  urea  was  only  slightly 
increased  on  the  day.s  of  unusual  exertion,  a  sttU  lar;j:er  aniount  was 
eliminated  on  the  succeeding  days  of  ordinary  work.  This  fact  possibly 
throws  some  lipht  upon  the  failure  of  other  observers  to  discover  any  in- 
creased excretion  of  urea,  when  sufficient  precaution  was  not  taken  to 
inresti^te  the  subsequent  elimination.  Still  this  explanation  wilt  obviously 
not  apply  to  other  cases  of  failure,  such  as  that  of  Prof.  fTang-htort.  In 
this  instance  the  exertion  was  continued  over  a  period  long  enough  to 
allow  any  increased  formation  of  nitrogenous  products  to  manifest  itself 
by  increased  elimination  during  the  latter  days  of  work.  Such  cases  seem 
inexplioabie  if  the  urea  eliminated  during  exertion  or  immediately  after- 
ward ta  to  be  regiirded  as  a  measure  of  the  muscular  substance  consumed, 
bat  present  no  serious  difficulty  if  it  be  considered  simply  as  an  expres- 
sion of  the  genera]  dieasaimilative  changes  of  the  body.' 


'  Tbe  difference  between  the  amoiuit«  of  uric  oci'l  in  Flint's  and  Pavy's  tables  in 
Tcrj  tiCriking.  and  probably  depeadit,  as  Pavy  htm  |>ouiLe<l  ont  and  Flint  himsolf 
•dnnt*.  upon  tbe  fanlty  process  employed  by  tbo  chemut  to  whom  Flint  entrusted  the 
analysis.  The  error  doejt  ant  materially  affect  the  |f«ncral  reMiiltN  lui  ^ivun  by  Flint. 
Moreover,  it  ibonld  be  noted  frith  re«pcct  to  the  iHtrccDtafrcs  in  Flint's  table  that  the 
T«f7  marked  inoreaMe  dnriufjr  the  6Te  dayit'  walk  wa»  due.  not  so  much  to  the  inoreose 
of  oitrogco  flooreted,  ■•  to  the  oonaideraMe  diminution  in  the  oilrog^D  Ingested  daringr 
this  period. 

'  The  retnlta  of  some  reotmt  experiments  by  William  North,  B.A..  Cambridcro.  seem 
to  point  in  this  direotlon  :  An  Aooount  of  Two  Experiments  Illustrating  the  Effecta  of 
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Source  of  miucitiar  jxneer. — ^Theae  considerations  bririg-  us  directly  to 
tno  question  of  the  source  of  muscular  energy — a  question  whioh  hms  ex- 
cited more  controversy  of  late  years  thttn  perhaps  any  other  in  the  entire 
range  of  physiological  inquiry,  aiuI  which,  it  is  safe  to  «ay,  will  never  I: 
definitively  settled  until  our  kiiowledjtfo  of  vital  processes  is  much  more 
complete  than  it  is  at  present.     The  main   jwint  in  dispute  is  whether 
muscular  power  Is  evolved  by  the  consumption  of  tin*  tnufw-ular  sulratanr^ 
itself,  or  whether  a  muscle  is  merely  a  machine  for  liberating  energy  from 
substances  brought  to  it  by  the  bloo<l  oircuUting  in  its  tissue;  whether, 
in  the  words  of  Fi'-k  and  A-VIslioflnus,  *'  as  in  the  stcam-ongine  coaI  isi 
burned   in  order  to  produce  force,  so  in   the  mum-uUr  machine   fats   am 
hydrates  of  carbon  are  burned  for  the  same  purpi^sc,"     For  a  full  discussii 
of  this  question  the  reader  is  referred  to  the  principal  contributions  on  tW 
subject;'  a  few  genera]  remarks  must  suffice  here. 

In  the  first  place,  it  should  be  nott.^d  that  the  analogy  drawn  by  Fiek 
and  M'islicenus  between  a  muscle  and  a  steam-engine  is  obviously  mi* 
leading,  if  it  be  meant  that  mcobamcal  force  ih  generated  in  a  similar 
manner  in  the  two  coses.  In  the  steam-engine  the  heat  liberated  from  ooal 
is  converted  into  work  by  means  of  a  special  mechanism,  viz.,  the  condenseTi, 
in  which  motion  is  profluced  by  the  alternate  condensations  and  expan 
sions  of  steam.  No  provision  at  all  analogous  to  this  Is  found  in  muscl<^. 
Here  heat  is  the  final  product  in  the  transformation  of  energy,  the  ei- 
crotum  of  energy;  having  no  cooler  parts  towarm,  it  cannot  be  converted 
into  mechanical  work;  and  the  excess,  above  what  is  required  to  maintain 
the  normal  temperature,  escapes  from  the  body  by  radiation  and  conduc- 
tion, by  direct  loss  iu  the  expired  air,  tiie  urine,  and  faeces,  and  as  latent 
heat  in  the  vapor  of  perspiration.  If,  on  the  other  hand,  it  be  merely 
intended  by  this  analogy  to  assert  that  a  muscle,  like  a  steam-engine^ 
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Atarvstion,  with  and  without  Severe  Lnbor.  ou  the  Elimination  of  Urea  from  the  Bodj|| 

Th«  Journal  of  Phyaiology.  Jane.  1S78.  p.  171. 

He  drawe  the  follovring  oonoltuioBs  (rorn  the  observations  in  qaasiioD  : 

"  1.   That  severe  exprciw  docs  inciea«u  the  elimbatloD  of  nrea.  but  that  ths  in- 

orease.  Imih  in  the  absence  of  citrogencms  food  ami  under  ordinarj'  diet,  is  a  small 

OOiQ. 

"3.  Tbsttbe  quantity  of  urea  paitsed  daring  any  period  ia  larKely  depei^ent  en  tlu 
nitrogt-nouH  eouMitution  of  the  body  for  the  time  \jvxog,  i.  e.,  varies  nceordinff  at  a  ^ 
greater  or  Htnnller  rcitervf  of  nitro^cnong  material  haa  bo«D  nccDmulnied  in  tlw  bodjr.*! 

fie  addn '  "  U  is  quite  ponible  that  excroiac  xoaj  have  on  espeoial  atfiMt  in  liaR]P-| 
in$r  on  the  metabolism  of  auoh  a  reserre.  and  beooe,  the  point  wbetbsr  thai 
of  tho  excreta  is  incroaa^d  bj  exercise  or  not  may  be  det«rmioed  by  evente — oot  i 
mtiuh  in  tbe  moscles  as  iu  other  tiasuce— the  result  \mng  pomtdve  or  negatara  luooagi*  I 
ioK  SB  a  large  or  small  reseire  is  present,  or  aocording  as  that  reserve  is  more  or  1m> 
labile." 

'  Besides  the  artioles,  alreadj  referred  to,  of  Fick  imd  Wiidioenus.  Hanghton,  F*A^  ■ 
Flint,  and  PaTy,  see  also  Frankland :  On  tbe  Origin  of  MuMular  Power.  Philosopk. ' 
Magft«iie,  London.  lS(Hi,  Vol.  XXJCIL  ;  Volt:   Uebcr  die  Cotwickelang  der  Lebrc  tob 
dnr  gucllp  dor  Mnskelkraft.  etc..  ZeitKofa.  lUr  Biologie.  Bd.  VI.,  l^TO,  S.  3U»tt*Mi.. 
Parked  :  Med.  Times  and  Gazette,  tS71,  p.  348;  and  Liebig :  Pharmaceutical  Joans) 
and  TranAftcfcions,  LoDdon,  1870. 
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IB  a  machine  wbtcli  evolves  mechanic&l  force,  not  from  its  own  struoture, 
but  from  matters  brought  to  it  for  combuHtion,  and  itself  underf^es  no 
change  dunnj^  work  except  the  naturul  wear  and  tear  incidoutal  to  all 
machinery,  the  comparison  is  none  the  less  misleading,  as  will  appear  from 
the  following  couuideratiunu.'  It  baa  beun  shown  by  L.  lleniiaiiri'  (hat  a 
muAcle,  even  when  removed  from  the  body,  and  deprived  of  hlixid  by 
wuhin^  out  the  vessels  with  a  normal  alkaline  solution,  is  still  fur  some 
time  capable  of  contraction,  and  of  producing  carbonic  acid,  sarcolactic 
acid,  and  heat  during  coulractioii.  This  fact,  together  with  others  point- 
ing in  the  same  <Iireclion,'  renders  it  highly  probable  that  muscular  power 
is  derived  from  changes  in  the  muscular  substunoe  itself,  and  not  from 
oxidation  of  matters  in  the  blood  circulating  through  the  muscle.  Al- 
though our  knowledge  Is  still  very  imperfect  in  reg;ird  to  the  nature  of  these 
changes  in  muscle,  it  ts  quite  clear  that  wo  have  to  deal  with  a  pr<xtt>ss  far 
more  complicated  than  a  simple  oxidation,  such  as  occurs  in  ordinary  ron»- 
bustton.  A  frog's  muscle  deprived  of  its  blood  contains  no  free  or  loosely 
combined  oxygen;  none  can  be  extracted  from  it  even  under  the  action 
of  a  mercurial  air-pump,  and  yet  when  the  muscle  is  placed  in  an  atmos- 
phere of  hydrogen  or  nitrogen,  the  evolution  of  carbonic  ac:id,  and  prob- 
ably lactic  acid,  still  continues  both  when  the  muscle  is  contracting  and 
when  it  is  at  rest.*  The  oxygen,  on  its  ab8oq)tion  from  the  blood  by  tho 
muscle,  enters  at  once,  it  may  be  supposed,  into  the  formation  of  a  con- 
tracttlo  substance,  which  even  during  muscular  repose  is  always  under- 
going gradual  disintegration,  bub  upon  the  reception  of  the  necessary 
stimulus  splits  up,  by  means  of  a  sort  of  explosive  decomposition,  into 
carbonic  acid,  lactic  acid,  etc.,  and  thus  suddenly  liberates  a  large  amount 
of  energy.  According  to  this  hypothesis,  niusdo  may  be  reganled  as  a 
reacrvoir  of  latent  force,  upon  which  tho  will  may  at  any  instant  draw  for 
mechanical  work  to  an  amount  limited  only  by  certain  coiKlitions  to  be 
mentioned  later.     Although  tho  products  of  decomposition  thus  far  posi- 


'  It  twiwH  to  be  In  ihia  latter  aenie  that  the  analofry  was  first  niwd  by  Pick  and 
Wialioefnis ;  at  lea«t.  Pick  has  idaoe  explaintfd  that  hn  dooK  not  regurd  the  work  in 
awcla  a*  prodaced  bj  the  ooaveraioa  of  beat  iuU>  muclwuicu]  motiou,  but  rather  by 
the  oonvernoD  of  chemicnl  furoea,  piwaibly  tlirough  tho  mMliaiu  of  electric  prooeDses. 
Untenmcb.  Qber  HuHkalarbeit.  ltM7,  S.  4^. 

*  Uotcnurh.  liber  den  SioffwoohsDl  dcr  Mubkebi.  1867. 

»  For  ioftuicn,  the  obtter\-aU<iD  tliat  a  weilnoHriBhed  individoal,  even  after  entire 
abatincnoe  from  totui  for  two  or  thrwo  Aayn,  it  still  capable  of  ooiuiiilerable  miiacular 
eaeruoo.  Mm  the  followiiiftr  ititorcsting-  faot  mentioned  by  Liebig  in  his  urticlc  on  tbu 
8oaro0  of  Muwulikr  Power,  rtinrrunccuLical  Joumnl.  Lotidun,  1870,  p.  203:  "I  re- 
omUy  reoeived  n  letcer  from  my  friend,  Prof  O  N.  Rood,  of  N.  Y.,  in  which  he  com- 
■annioated  to  me  the  following  oaso :  Pn>F.  Agn^ixiz  hnx  Ixien  ommpted  fur  Home  Lime 
in  eatohing  sharks  for  the  purpose  of  studying  thc^ir  anatomical  structure,  and  on  oue 
oooaaion  a  shark,  thai  had  been  booked,  struggled  in  the  uHaal  violent  manner  before 
it  wa*  landed  ;  but  on  dlflsectlon  the  animal  proved  to  be  alinuKt  entirely  destitute  of 
blood.  CliiMrr  examination  showed  that  it  bad  been  attacked  by  a  parasite,  and  the  i^lla 

Cmo  plaooH  eat«n  through,  so  that  nearly  all  the  animal's  blood  had  beca  ex- 
d  its  place  token  by  sea- water." 
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lively  ascertained — carbonic  and  Uc(ic  acids — are  suoh  ms  migHt  rcMilt 
merely  from  the  ojcicUtion  of  iion -nitrogenous  material,  and  altiiou^ 
there  is  a  cuiispicuous  alj^ence  of  nitro^nous  waste  in  the  maaelo  duriit;; 
contraction,  it  is  hardly  probable  that  the  contractile  materia]  is  itself 
merely  a  uini-nitrog-enous  body.  To  account  for  this  absence  of  a  corre- 
sponding niirogenoua  waste,  Hermann  has  advanced  the  theory  that  the 
contractile  BubKtunoe  is  composed  of  an  albuminous  material  termed  by  him 
iuogen,  which  breaks  up  during  contraction  of  the  muscle  into  carbonic- 
acid,  lactic  acid,  and  a  gelatinoas  nitrogenous  bo<ly  essentially  identical 
with  the  6rmly  coag-uUted  myosin  found  \\\  dead  muscle.  This  gelatinous 
myosin,  he  supposes,  is  retained  in  the  muscle,  and  re-enters  into  the  forma- 
tion of  new  iiio^rfii.  The  tiioory  is  misupported  by  direct  eridenoe,  and  in 
fact  is  opposed  by  what  is  known  of  the  orifpn  of  the  myosin  of  rigor 
raortia;  still  the  true  explanation  probably  lies  in  this  direction,  vii.,  that 
the  nitrogenous  substance  or  substances  resulting  from  the  decomposition 
of  the  contractile  material  are  not  immediately  eliminated,  but  are  in  part, 
at  least,  retained  and  again  used  in  the  procesi  of  reconstruction. 


Woric  fwrfocnwd  la 
CiMfrtau. 

Faro*  vkIimIb  toot-bomoC  tto 
nitmffeooas  matter  aqiu**- 
bnt  to  Um  nltroBia  «ant- 
DBtad  In  BxeH■aClb»aTC^' 
•f«  dttrtnf  naL 

First  34  hoan  of  Weston'a  tax-dajs*  walk. . 
Becoud            "               "             "             * '     , . 

Third              " 

Fourth           *'              "             "             "     .. 
Fifth             "             '•            "            "     .. 
Sizfeh             »•              '*            "            "     .. 

IS3S.S0 
1S0S.97 
100T.S9 
1105.10 
lOK.'i.U 

w;.57 

S33.78 
674.6S 
7t8.I5 
481.71 
SA8ST 
M7.6S 

70!W.()fl 

1171.01 

3196.90 

5M.W 

This  provisional  h>*potheai9,  furthermore,  furnishes  a  plausible  expla- 
nation of  the  manner  in  which  both  the  nitrogenous  and  the  non-niln>- 
gcnoua  elements  of  food  may  take  part  in  tlie  evolution  of  muscular 
energy.  If  the  nitrogenous  product  resulting  from  the  decomposition  of 
the  contractile  substance  be  retained  in  the  muscle  and  re-enter  into  the  con- 
struction of  fresh  explosive  material,  the  olemenls  which  are  \n  replace  thf 
carbonic  and  lactic  acids  eliminated  will  naturally  be  derived  from  the 
no n- nitrogenous  substances  circulating  in  the  blood  of  the  mus<:'le.  Mon-- 
over,  this  conception  tif  the  process  of  contraction  enables  ua  to  hold  fast 
to  the  view  that  muscular  energy  springs  directly  from  the  muscle  itself, 
without  at  the  same  time  admitting  that  the  amount  of  nitrogen  excroled 
from  the  body  during  exertion  over  and  above  that  eliminated  during  rest 
represents  the  waste  of  muscular  tissue,  and  is,  therefore,  to  be  regaiderl 
as  a  measun*  of  the  force  expended.  Tliat  urea  is  in  no  sense  such  a 
guide  is  clearly  shown  by  the  results  of  Pavy'»obser\'ations  upon  \\'e»ton. 
Taking  the  pxcess  of  urea  eliminated  during  exercise  over  the  quantity 
eliminated  during  rest,  Pavy  estimated  the  amount  of   muscular  tissue 
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wbioh  this  excess  might  be  supposed  to  represent,  and  then  converted  the 
heat  that  would  be  evolved  by  combustion  in  Krankiand'a  calorimeter  into 
working- power  by  JouU-'s  foruiuia.  The  result  (sooprooeding  page)  shows 
that  the  work  perrnrined  by  Weston  in  his  six-days'  wjilk  was  vt^ry  niui^li 
gfreater  than  could  bo  accounted  for  by  the  force-value  of  the  niusculur 
tissue  supposed  to  have  been  wasted. 

Oroieth  of  mnn'ie. — In  accordance  with  a  general  law  affecting  all  the 
klMttes  of  the  body,  muscle  wastes  during  long-continued  rest,  and  groivs 
under  the  influence  of  exercise.  Is  the  ad<lition  to  the  muscular  substance 
niiio  chiefly  during  contraction  or  during  the  succeeding  period  of  re- 
^MBilA<t  We  have  already  seen  fnini  the  exporiments  of  Gaj^kcll,  that  the 
increased  (lux  of  blood  to  the  muscle  begins  with  contraction,  and  con- 
tinues for  a  short  time  afterward.  There  is  reason  to  suppose,  also,  that 
the  process  of  contraction  itself  in  some  way  directly  stimulates  the  or- 
ganizing power  of  the  protoplasm  composing  muscular  fibre.  It  is  highly 
probable,  therefore,  that  the  incorporation  of  new  material,  and  its  partial, 
if  not  complete  elaboration,  takes  place  as  an  immediate  rather  than  re- 
mote effect  of  the  functional  activity  of  the  muftcle.  The  nature  of  this 
increase  of  bulk  is,  however,  not  so  obvious.  Does  the  enlargement  con- 
sist of  an  increase  in  the  number  of  muscular  fibres,  or  of  an  increase  in 
their  size;  in  other  words,  to  adopt  Virchow's  terminology,  is  the  process 
a  hyperplasia  or  a  hypertrophy?  Direct  evidence  upon  this  point  is 
lacking,  but  there  can  be  little  doubt  that  the  mode  of  growth  is  the 
same  here  as  it  has  been  shown  to  be  in  the  development  of  muscle  from 

Iita  foetal  to  its  adult  condition,  and  in  the  development  of  the  uterine 
muscular  tissue  during  gestation.  In  both  tliese  instances  the  individual 
fibres  increase  in  size,  and  new  fibres  are  also  formed,  probably  from  the 
ooiinocttve-tiaauo  corpuscles  lying  in  the  interspaces  between  the  fibres. 


\ 
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The  fatigue  resulting  from  muscular  exertion  appears  to  he  due  to  three 
eaoses  :  1,  I^ack  of  contractile  material  for  continuing  the  exertion  ;  2, 
accumulation  within  the  muscle  of  waste  products,  particularly  sarcolactic 
acid  ;  and  3,  exhaustion  of  the  nerve-centres  engaged  in  supplying  the 
stimulus  to  contraction.  The  relative  importance  of  these  factors  is  un- 
certain. Thai  even  in  apparently  complete  muscular  exhaustion  the  loss 
of  power  is  not  wholly  attributable  to  lack  of  contractile  material  is  shown 
by  the  familiar  fact  that  an  energetic  effort  of  the  will  may  still  call  forth 
an  exhibition  of  considerable  strength.  The  retained  effete  products, 
moreover,  seem  to  exert  a  direct  inhibitory  influence  upon  contraction  ; 
at  leaat  some  experiments  upon  frogs  pfunt  in  this  direction.  In  a  frog's 
muscle,  which  has  been  exhausted  by  tetanization,  irritability  may  be  re- 
stored by  washing  out  the  waste  material  with  a  saline  solution  Injected 
into  the  vessels  ;  while,  on  the  other  band,  the  injection  of  lactic  acid  into 
a  fresh  muscle  rapidly  diminishes  its  irritability.  The  third  factor — ex- 
haustion of  the  nerve-centres  concerned  in  the  action — plays  an  important 
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p«rt  in  producing'  certain  of  the  symptoms  of  muscular  f&tig^o  ;  indeed|i 
it  is  quite  certain  that  the  g&uation  of  fatigue  which  ac<ioiupanies  ox* 
iiauiitinn  of  the  miisrleji  ha^t  its  direct  source  in  the  nerve-t issue,  rathrr 
(tiait  in  the  must-les  thetnselvfc'*.  Rest^  therefore,  for  both  luutwle  and 
nerve,  is  indispensable  to  restore  the  conditions  necessary  for  contraction. 
Kresh  contractile  substance  must  be  constructed,  waste  products  al>sorb«>il 
and  carried  away  by  the  blood,  the  normal  alka)c»cencc  of  the  muaclo  Ttr^ 
Htored,  nnd  a  new  supply  of  nerve-power  generated.  The  same  ueoesnt^ 
For  periods  of  repose  exists  even  during  the  exertion  itself  ;  interx'als  of 
relaxation  are  indispensa}>le  if  the  effort  is  to  be  continued  for  more  than 
a  very  short  time.  Indeed,  alternation  of  rest  and  activity,  or  **  rhythmic 
nutrition,"  as  Sir  James  Paget  terms  it,  appears  to  b<i  an  universal  law  of 
animate  nature,  traceable  in  a  great  variety  of  vital  processes,  from  tho 
interrupted  movements  of  the  amcebs  to  the  larger  cycles  of  energy  seen 
in  the  diurnal  recurrence  of  sleep^which  has  been  aptly  called,  "  the 
diastole  of  the  cerebral  beat"' — in  tbo  monthly  intervals  of  menstruation 
in  women,  and  in  the  seasonal  chanf^  in  the  weight  of  the  body.  Ao- 
eordingly  we  fnid  that  those  forms  uf  exertion  are  (wrticularly  «xhaustin^^_ 
in  which  the  effort  is  continuous,  or  the  intervals  of  relaxation  are  to^^H 
brief  ;  for  example,  holding  a  weight  at  arm's  length,  or  prolonged  stand* 
ing  as  compared  with  walking. 

The  gt/mptomn  of  muscular  exhaustion,  besides  the  loss  of  power  al- 
ready mentioned,  are  the  ill-deHned  sensation  called  fatifjuc^  and,  in  cer- 
tain eases,  actual  ^fim,  (trtnor,  or  cramp.     The  tremor  ap]wars  to  be  due 
to  short,  irregular  explosions  of  muscular  force,  while  cramp  may  be 
garded  as  a  prolonged  tetanus  of  the  mus<.*le  ;  both  pbeuumena  prol 
depend  upon  on  exaggeration  of  the  nonnal  irritability.     Tho  Utter  aym; 
torn  is  a  source  of  great  annoyance  to  many  pedestrians,  especially  ihoa* 
in  whom  previous  training  has  hardened  the  muscles  of  the  thighs  and 
legs.* 

While  muscular  exercise,  bo  long  as  it  conforms  to  the  law  of  rybtbrnio 
nutrition,  increases  tho  bulk  and  effective  power  of  the  muscles,  long  con- 
tinued over-cxertloii,  on  the  other  hand,  tends  to  induce  a  condition  of 
chronic  exhaustion,  and,  in  some  inslane-es,  oven  degeneration  and  atrophy. 
These  results  am  most  frequently  seen  when  the  exertion  is  confined  to 
a  comparatively  small  group  of  muscles:  in  more  general  forms  of  exer- 
cise, prostration  usually  supervenes  before  the  full  extent  of  the  damafr<' 
is  reached.  The  symptoms  of  chronic  muscular  exhaustion  are  of  iho 
same  general  character  as  those  of  acute  fatigue,  vie,  loss  of  power,  pain, 
cramps,  and  convulsive  movements  or  spasms.  To  this  special  class  of 
paralytic  affections,  caused  by  the  frequent  repetition  of  particular  muscu- 
lar acts,  Tlamniond  has  applied  the  general  terra  "anapeiratic"  {Kyawnpamf 

■  H.  Foster,  op.  eft. 

*  The  pedestrian  WeRton.  during  bis  walk  under  AuBttn  Flint,  Jr.'s  obsomtfaa. 
was  noticed  to  be  UQUsua]!;  free  from  this  (lyiiipCoin.  Flint  aaoribes  this  p*cnRMAf 
to  the  fact  that,  both  before  and  dorinff  the  walk,  Wentoa'a  taoadea  were  quit* 
•oft 
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tu  dn,  or  attempt  again),  but  by  most  writem  the  condition  in  tjueKtion  Ih 
variou&ly  dcsi^^iintoJ  ucfonliiig  to  ilio  nature  of  ihciocupation.  Thus,  \rc 
have  Bcrivencr's  palsy;  tplftgriiphcr's,  type-setter's,  violinist's,  pianist's,  tai- 
lo^B,  and  nuIkeKs  cramp;  miner's  nystaj^^mus  in  miners  who  weaken  tho 
ocular  muscles  by  working  in  the  dark;  and  hammer nr  hephtestic  palsy  in 
workmen  whose  trades  involve  the  very  frequent  use  of  tlie  hammer — for 
example,  scissors-making,  razor-blade  striking,  saw-straightening,  tile- 
forging,  pen-blade  f<Jrging,  etc.  Dr.  Frank  Smith,'  to  whom  we  arc 
fhiefly  indebted  for  a  knowledge  of  the  latt«r  form  of  palsy,  has  made  the 
following  estimate  uf  the  rniml>er  of  time-s  (he  liamuifr  is  used  in  llie 
daily  work  of  the  pen-blade  fnrger:  "  The  pen-blade  forger  uses  a  hammer 
about  three  pounds  in  weight.  A  pen-blade  reecives,  in  the  process  of 
forging  and  joining  to  tho  piece  of  iron  by  which  it  is  attached  to  the 
baft,  on  an  average,  one  hundred  blows.  The  forger,  if  an  industrious 
man,  anxious  perhaps  to  save,  by  working  overtime,  enough  money  to 
join  a  building-society  or  to  eonmienc^  business  on  his  own  account,  will 
work  twelve  or  thirteen  hours  in  a  day.  He  will  make  as  many  as  twenty- 
foTir  doscn  blades  in  u  day,  ami  in  so  doing  will  deliver  twenty-eight 
thousand  eight  hundred  ui*<-urate  strttkes.  The  rapidity  and  accuracy  with 
which  these  blows  min  upon  the  slender  piece  of  iron  are  wonderrnl  to 
the  onlooker.  Supposing  him  to  work  three  hundred  days  in  the  year, 
and  to  continue  this  for  ten  years,  he  will  in  that  period  have  delivered 
eighty-eight  million  four  hundred  thousand  strokes,  and  just  so  many  dis- 
charges of  nene-forcc  will  have  occurred  in  the  motor  ganglia  which  are 
engaged  in  the  action,  and  in  the  higher  ganglia  which  calculate  tho  dis- 
and  judge  of  the  amount  of  force  necessary  to  be  evolved." 
Cnder  the  head  of  "Professional  Mnsculor  Atrophy,"'  M.  Onimus  has 
described  similar  forms  of  loss  of  muscular  jxtwcr  occurring  in  octcupations 
which  are  usually  quite  free  from  this  risk.  One  instance  was  that  of  a 
man  etnployed  in  a  draper's  establishment,  where  bis  business  was  to  re* 
place  the  unfolded  goods  on  their  shelves;  gradually  a  most  remarkable 
atrophy  of  both  deltoid  muscles  was  developed.  In  the  case  of  ^'^  a  work- 
man employed  in  a  tannery,  who  was  every  day  for  eleven  hours  at  work, 
and  always  felt  aching  and  fatigued  after  bis  day's  labor,  there  likewise 
8upervene<l  marked  muscular  atrophy,  confined  to  certain  nniacles.  In 
opier  to  prepare  the  skins  he  had  to  perform  with  both  arras  a  forward 
and  backward  movement,  which  necessitated  especially  the  action  of  the 
muscles  of  the  shoulder,  so  that  these  were  the  first  to  be  affected,  and 
are  at  present  almost  completely  atrophied.  The  wasting  away  is  altnost 
the  same  in  both  arms,  &s  both  were  In  action  during  the  man's  work; 
whereas,  in  respect  to  the  legs,  tho  right  one  alone  was  obliged  to  support 
the  whole  weight  of  the  body,  and  this  is  the  only  one  that  has  wasted; 
it  is  one-half  smaller  than  the  other,  and  the  affected  muscles  are  those 


'  "  On  HopluMiio  Hemiplegia  or  Hammer  Pal^y,"  BntUb  Hedicol  Jonmal,  Oct.  81, 
1874. 
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the  nclion  of  which  was  tlit?  most  conatJiiil,  such  u  tliei  rwtua  f«mnnt, 
vastus  extvrnus,  aiid  vastus  ititeriJim.*" 

Besides  ttie  above-mo ntioiied  direct  rcmUts  of  excessive  rauscular  exer- 
tifui,  there  arc  certain  injurios  to  the  vascuinr  system  which  are  of  suffi- 
ciently cnmmon  ooeurrencc  in  this  connection  to  require  mention.  One  o{ 
Lho  moat  fr(K|uent  of  these  disturbances  is  an  obstinate  irritability  of  th» 
heart,  which  can  sometimes  be  ti-acod  to  organic  lesions,  but  i*  often  due 
simply  to  a  derangement  of  innervation,  analojfous  to  that  observed  in 
■  writer's  ernmp  and  allied  affections  of  the  voluntary  musclars.  Of  the  or- 
ganic losions,  S{ime  are  produced  suddenly  as  results  of  increased  blood- 
pressure.  Thus,  a  single  intense  effort  may  excite  haemoptysis,  or  ruptiira 
one  of  the  valvo-s  t»f  the  heart,  ^•nenilly  the  aortic;  or  tlie  inner  coat  of 
the  aorta  nmy  he  cracked,  and  the  funiidatiun  laid  for  aneuriitm  of  the 
thoracic  or  nlxlomiual  aorta;  or,  finally,  acute  dilatation  of  one  or  both 
chambers  of  the  heart  may  tAkc  place.  The  latter  ucciiient  is,  doubtless, 
rare,  except  when  the  walls  have  been  weakened  by  antecedent  (lisease; 
but  it  is  quite  ccrttiiii,  also,  that  acute  dilatation  occasionally  occurs  in 
persons  whose  age,  habits,  and  genera)  health  render  the  existence  of  de- 
generation of  the  cardiac  muscle  very  improbable.' 

Far  more  frequently  the  damage  to  the  heart  and  anrta  is  developed 
grudmilly  through  the  inBuence  of  repeated  overstrain.  Moderate  eu- 
Inrgonient  of  the  heart,  unaccompanied  by  any  of  the  lesions  described 
below,  is  obviously  not  to  be  included  among  tlie  pathologicjil  results  in 
question,  since  in  persons  with  whom  severe  exertion  is  habitual  the  car- 
diac muscle  may  naturally  undergo  a  certain  degree  of  enlargement  which 
cji  11  hardly  be  regarded  as  abnormal.  The  CAfliest  morbid  effect  of  repeated 
cardiac  strain,  as  Clifford  Allhutt  has  shown  in  the  article  referred  to  above, 
is  usually  dilatation,  first  of  the  right  and  afterward  of  the  left  ventricle, 
cither  with  or  without  compensatory  hj'pcrtrophy.  If  the  over-exertion 
be  still  coTitinued,  valvular  and  aortic  lesions  may  ensue.  In  some  in- 
Btatices  the  tricuspid  or  the  mitral  orifice,  or  perhaps  both  orifices,  are 
widened  by  progressive  dilatation  of  the  cavities,  and  the  corresponding 
valves  become  incompetent.  Generally,  however,  the  aortic  valves  are  tho 
fixst  to  suffer.  Sooner  or  later  the  irritation,  from  repeated  shocks  and 
over-stretching,  establishes  chronic  sclerotic  changes,  which  thicken  the 
valves  and  produce  stenosis.  Finally,  iucompolcnco  is  developed,  partly 
by  these  changes,  and  j>artly  by  the  supervention  of  [Kiuching  of  tho  fiwl 
portion  of  the  aorta.  Similar  degenerative  changes  lake  place  in  the 
aorta  itself;  the  clastic  tissue  is  weakened  by  repeated  ovor-disteution, 
chronic  cndo-arlcritis  results  from  the  continued  irritation,  and  the  walb 


■For  a  faller  oonaidenition  of  this  iuterestini:  claw  of  affeotlona.  ms  "Writer's 
Crani|]  and  AUicii  Affecbionn,"  Ztomfw^DV  Oyolopntlia  of  the  PraoHoe  of  Modioiii«. 
VoL  XL,  p.  34').  It  Lt  to  tw  noted  tbut  iu  many  of  theee  affections  tbere  is  litlle  or 
no  loss  of  muscniar  power,  bat  rabbar  a  pir^ns  of  the  cnntral  nervous  i^rtenL,  par- 
tioularljrof  tbftt  portiua  which  preaidaa  over  the  tio-ordination  of  tbe  mnsolea 

*  9oe  paitionlarly  th«  cases  roportud  hy  T.  Clifford  Allbntt.  and  bis  owu  experienec 
dnrfn[[  oa  ascent  of  one  of  the  AIjm;  HL  Georgo's  Hospital  Beporta,  1^70. 
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nf  the  tube  ultimately  yield  to  the  prpsauro,  with  the  produotion  ni 
pouching,  or  evpn  aiiLHirism,  if  the  fragile  inner  ooiit  have  been  torn  by  a 
madden  effort. 

Much  scepticism  boa  been  expressed  as  to  the  possibility  of  thoac  re- 
sults being  due  to  over*oxcrtion  alone,  without  the  co- operation  of  other 
c&uaes.  Schroottcr,'  for  instance^  insists  cmphattcally  that  over-oxertion 
i»  never  thp  sole  cause  of  c-ardiac  dilatation,  anil  that  hearts  which  are  unable 
to  moot  an  increased  demand  are  for  this  very  reason  to  be  regarded  as  ab- 
abnomial — the  abtiorniity  eoiisisting,  he  supposes,  in  some  liasue-ehange  or 
diftturbanec  of  innervation  which  cannot  be  rccogniicpd.  It  must  certainly 
be  admitted  that,  in  many  of  the  reported  cases  in  which  such  Lesions 
have  been  ascribed  to  over-exertion,  other  influenoea  have  been  at  work  to 
pn>dQCO  ttasuo-degencration,  such  as  intemperate  habits,  doficieuoy  of 
proper  food,  etc.  It  is  equally  true,  also,  that  tht<-  natural  response  of  the 
healthy  cardiac  muscle  to  a  contiiaieil  deniaiul  for  Increased  work  is  hy- 
pertrophy, and  not  dilatation;  still,  t)iis  cajiaeity  of  adaptation  to  thft 
work  required  must  have  its  limits  In  the  ca?4e  of  the  heart  as  well  as  in 
that  of  the  volnnlary  nuiscles.  Indeed,  when  we  consider  that  in  severe 
exertion  the  healthy  cardiac  musch>  lin»  a  special  obstacle  toconlen(]  with, 
viz.,  the  stretching  of  its  substance  by  the  distending  force  of  the  blood- 
mass,  the  wonder  is,  not  that  dilatation  should  over  occur  under  the  cir- 
cumstances, but  rather  that  It  happens  »o  seldom.  At  all  events,  whether 
(«ornc  morbid  antecedent  be  indispensable  or  not  in  these  cases,  there  can 
he  no  doubt  that  overstrain  plays  a  very  important,  even  if  subordinate^ 
rule  in  the  genesis  of  cardiac  disease  in  persons  who  are  habitually  subjected 
to  the  consequences  of  excessive  physical  exertion.' 

Obstinate  irritability  of  the  heart,  manifesting  itself  in  palpitation, 
cardiac  pain  and  increased  rapidity  of  pulse,  has  been  frequently  noticed 
in  modem  wars  as  a  result  of  over-exertion.  Dr.  Da  Costa*  estimates 
tliat  of  all  the  cases  of  "irritable  heart"  reported  among  the  northern 
troops  during  the  late  war  of  the  Rebellion,  alxiut  38  per  cent,  were  due 
to  exhaustion  induced  by  long  or  rapid  marches  and  other  forms  of  severe 
exertion.  Many  of  the  men  were,  to  be  sure,  sufTering  at  the  time  from 
diarrhnea  or  other  debilitating  affections,  but  in  numerous  instances  the 
symptoms  developed  sudilenly,  either  during  or  immediately  after  a  forced 
march,  withtmt  any  evidence  of  previous  ill-health.  The  same  functional 
disorder  of  the  heart  is  by  no  means  uiiconmion,  also,  among  mountain- 
climbers  and  persons  who  carry  gymnastic  or  athletic  exercises  to  excess. 
The  more  seriousorganic  results  of  cardiac  strain  are  naturull}*  encountered 
must  frequently  among  labort-rs  whose  work  is  of  an  habitually  severe 
character,  and  who  are  at  the  same  time  exposed  to  other  causes  of  tissuo- 


)  2ietniMii*R  Cjolapvdia  of  th«  Praottoe  of  Nedioine.  VoL  Vl.,  p.  201. 

'  Ct  Jobannes  8eit« :  Zor  Lehre  von  Uuliemniitreugiing  det  Hsnenii,  Arehiv  fQr 
kl.  Medii}.,  Bd.  XI.  u  X[I  .  l873-'74 ;  also.  Ludwii;  Hirt :  Die  Krankheitcu  tier  Ar- 
better.  tweitez  Abtheil.  Aeuiuierc  KmnkbRitPti,  p.  f{l,  Leipzifr,  IB78. 

*  On  Irritable  H«art :  a  Cllidcal  Study  of  a  Form  of  Ptiutilional  Canlioc  DiiMirder 
md  iU  ('otweqaeDoeB,  The  American  Juamal  of  Heilioal  Scicoces,  January,  1971. 
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ilf>gon<>ration,  intemperance,  foul  ftir,  utd  improper  dipt — as,  for  example, 
roal -heavers,  fnrg^emen,  loiigiilioreiiH'n,  hi*avy  jioriem,  miners,  elc  Thas, 
l)r.  I\-UL'<x^k '  Klattfs  tliat  canliac  alTcctions  (dilatalioii  and  utitral  iusuffi- 
I'iency)  aro  very  prevalent  among  the  workmen  in  some  of  tbe  tin  and 
copper  mines  of  Coniwall,  Kiif^land,  where  the  men,  after  working  for 
fight  liours  ill  an  ini]>ui'c  HttnoRphcrc,  have  tu  s{>on(]  an  hour  or  more  in 
I'limbing'  ladders  lo  reach  the  surface,  this  effort  always  producing  exhaujs- 
lion,  dyHpn(i.'a,  and  violent  beating  of  the  heart.  In  the  Xortbumberland 
and  Durham  lead-mines,  on  the  other  hand,  where  the  men  are  brought 
»ip  from  their  work  by  machinery,  although  the  air  is  equally  impure,  the 
miners  do  not  tiuffer  from  heart  disease  more  frequently  than  workmen 
above  ground.  According  to  Mtlnzinger*  also,  the  marked  prevalence  of 
hypertrophy  and  other  cardiac  affeotions  in  the  neighborhood  of  Tfthingen 
is  to  be  ascribed  chiefly  to  the  practice  of  carrying  heavy  burdens  up  the 
mountains  of  that  region.  The  same  organic  results  of  overstrain  of  the 
vaaiMilar  system  occur  with  special  frequencj'  in  professional  pedestrianA, 
particularly  long-distance  runners;  in  fact,  these  persons  are  a  proverbially 
unhealthy  and  short-livefl  race,  and  most  of  them  ultimately  break  down 
if  the  profession  be  followed  long  enough  to  develop  its  full  co«sequen<vs. 
The  long-distance  pedestrian  performances  which  have  become  so  |iopu- 
lar  of  late  in  England  and  this  country,  as  well  as  all  other  exhibitions  uf 
mer«  endurance  which  involve  an  unnecessary  ancl  wasteful  expenditure 
of  the  reserve  forces  that  nature  has  wiselv  provided  for  emergencies,  can- 
not be  too  severely  reprobated.  The  whole  movement  is  a  niorliid  phase 
of  athleticism,  and  tends  to  breed  a  class  of  indinduals  who,  equally  with 
the  professional  athletes  of  ancient  Greece,  deserve  the  reproach  of  Eu- 
ripides, of  being  "  useless  and  injurious  members  uf  the  State.^* 

It  remains  to  be  considered  how  far  this  indictment  against  the  viola- 
tion of  the  laws  of  muscular  and  nervous  action  will  apply  to  tbe  severe 
athletic  exercises  at  present  in  vogue,  napecially  boat-racing.  In  this 
country  the  cases  of  injury  from  rowing  have  not  been  suflSciently  numer- 
ous tu  attract  the  general  attention  uf  the  medical  jirofossion;  but  in 
Knglund,  where  boat-racing  is  carried  to  an  extent  unknown  with  us,  the 
subject  has  excited  munh  discussion.  The  controversy  was  begun  in  18C7 
in  the  London  Times,  by  a  communication  from  the  late  Mr.  Skey.  in 
whieli  boat-racing  was  arraigned  tx»  a  most  injurious  form  of  exen-ise,  in- 
volving serious  con8equencv.*s  to  health  cither  at  the  time  or  in  aftcr-lif*. 
In  a  subsequent  communication  Dr.  Hope  made  the  alarming  statement 
that  the  severe  exercise  of  boat-racing  is  a  more  effective  cause  of  heart 
disease  than  any  other  with  which  we  aro  acquainted,  rheumatism  not  ex- 
eepted.  These  serious  charge.s  called  out  several  replies  at  the  time,  and 
in  1873  tbe  whole  subject  of  tbe  influence  of  sovere  athletic  exercises  was 


'  On  Home  of  tlie  CanMi  and  Effect*  of  Valvnlar  DiMases  of  ih«  Heart,  I^ondon. 
18ft5, 

'  Dam  TUhin^r  Hen  :  Bin  Bcitrafc  >ur  Lehre  von  dcr  UeboxmustreupLog  dc«  Hcnviu. 
Deutscbes  Arcbiv  fUr  UiolKhe  Medicln,  XIX.,  0,  pp.  449  ff.,  1877. 


PHTAIOAL    EXERCISE. 


341 


thoroughly  reviewed  at  a  session  of  thr*  I-ondon  Clinical  Society.'  In 
iho  same  year  I^r.  Morg^an,  of  Manchester,  published  tho  results  of  his  in- 
vestigations into  the  after-healtii  of  all  the  persons  who  had  rowed  in  the 
annual  Oxford-Canibrid|i^  boat-race  between  the  years  1829  and  1869.' 
This  inquiry,  which  involved  a  very  extensive  corrcspondenco  for  nearly 
four  years,  showc«l  that  out  of  the  entire  number  of  contestanta  (294), 
only  seventeen  instances  were  reported  in  which  injurious  consequences 
were  aaeribcd  to  the  exertion  in  question.  Not  a  single  case  is  mentionetl 
of  that  rapidly  fatal  form  of  heart  disease  which  is  occasionally  seen  as  a 
result  of  over-exertion  m  the  laborlng^  classes,  Tlie  details  of  these  aup- 
pose<l  cases  of  injury  are  too  long  to  be  given  here  in  full;  it  is  sufficient 
to  say  that  during  tho  cntite  pferiod  referred  to  there  were  only  three 
deaths  from  heart  disease,  and  nine  from  consumption  and  other  affections 
of  the  chest- — a  small  mortality  compared  with  the  average  rates  for  the 
whole  cominunity.  Among  the  survivors,  one  mentions  an  attack  of  chronic 
pneumonia  of  right  apex  following  a  cold  caught  while  rowing  thirty 
years  previously;  another  reports  himself,  twenty  years  after  gracjuation, 
«a  sufFering  from  cardiac  hypertrophy  and  dilatation;  another  of  about 
the  same  ago  complains  of  a  weak,  irritable  heart,  which  itioji|:)acitate8  him 
from  ordinary  employments;  another  mentions  a  purulent  inflammation 
of  the  elhow-joint,  caused  by  an  accident  in  rowing;  while  three  instances 
arc  reported  of  what  appears  to  have  been  a  hreaking-down  of  tho  general 
health  oti  passing  from  a  very  active  to  a  sedentary  life.  This  list  of  in- 
juries, even  if  we  admit  that  they  were  all  due  to  the  cause  assigned,  in 
certainly  not  a  formidable  one,  and  is  probably  not  much  larger  than  could 
be  found  In  an  equal  number  of  men  engaged  in  other  active  forms  of  ex- 
ercise. Still,  it  is  tn  be  borne  in  mind  that  the  contestants  in  the  inter- 
university  race  were  picked  uion,  who  had  been  carefully  trainctl,  and  that 
if  similar  data  could  be  obtained  for  the  numerous  college  and  "  scratch  " 
races,  in  which  inferior  men  often  take  part  without  proper  preparation, 
the  percentage  of  evil  results  would  quite  likely  be  considerably  higher. 
When  we  consider,  however,  the  very  large  number  of  men  in  England, 
who,  during  a  considerable  portion  of  tho  year,  arc  almost  constantly  en- 
gageri  in  boat-racing,  it  is  surprising  that  so  few  clear  cases  of  injury 
have  been  n*i>orted,  if  boat-racing  were  really  as  dangerous  as  the  alarmists 
would  have  us  suppose.  At  tlie  same  time  it  is  none  the  less  certain 
that  boat-racing  involves  a  severe  strain  upon  the  vascuhir  systom,  and 
that  no  one  can  safely  engage  in  auch  a  contest  unless  he  be  in  rigorous 
health  at  the  time,  and  have  specially  prepared  himself  for  it  by  careful 
training. 

A  single  suggestion  may  be  allowed,  in  conclusion,  in  regard  to  the 
rcgtdation  of  the  violent  athletic  sports  at  our  own  colleges  ;  wo  say  reffu- 
ititiotty  because,  for  many  reasons  which  it  is  unnecessary  to  enumerate 
here,  the  abolition  of  such  exercises  seems  uiidcsirnble.  It  is  easy  to  fore- 
see, Itowever,  from  the  rapidly  increasing  number  of  young  men  at  our  in* 
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■titutions  of  learning  who  engage  in  the«e  8ever«>  sport«,  thnt  the  iime  i» 
not  far  distant  when  repone  of  injury  will  become  mom  numerous,  unlew 
tfteatiures  arc  taken  to  diminish  the  danger.  It  is  entirely  feasible,  at  all 
the  largi^r  institutioiiti  at  leai»l,  to  place  these  pastimes  under  the  genenl 
eupervision  of  a  medical  officer  of  the  college,  who  shall  have  power  to 
examine  all  candidates  for  positions  on  racing  crews  and  foot-hall  teamsi, 
and  to  reject  any  one  who  apjHiars  to  be  unfitted  for  the  place  by  n.*ahuii 
of  actual  dtsea^Hi  or  natural  delicacy  of  oriranization.  The  duties  of  sucli 
au  officer  should  be  limited  to  matters  directly  involving  the  question  of 
hutlth^  and  olhfr  details  left  to  tAe  siwli/tt^  the>tiJi(h'iis.  A  reaponsihlo 
mndioal  opinion,  thus  restrirted,  would  umlouhterlly  be  willliiglv  recog- 
nized by  the  young  men,  while  the  college  authorities,  in  providing  such 
a  safeguard,  woulrl  perform  a  duty  which  they  certainly  owe,  but  hav« 
hitherto  very  generally  neglected. 


OYMIfASTIC   ANU    ATIILETIO    RXKtU^IBlSS. 

W^torit'ttl  Sketeh, 

Bodily  exercises,  eitlier  in  the  form  of  pastimes,  or  as  a  preparation 
for  war  or  for  tho  cliase,  wore  prol>ably  practised  to  a  greater  or  It^ss  vx' 
tent  by  all  the  nations  of  antiquity,  Descriptinns  of  such  exercises 
among  the  ancient  Persians  and  t^gyptians  are  given  hy  Stralwi,  Oiodnrus, 
Herodotus,  and  other  writers  ;  but  systematic  physical  training,  as  a 
necessary  part  of  popular  education,  is  first  met  with  among  tho  Greeks. 
Even  in  the  }ieroic  age  of  Greek  hiRiory  athletic  games  had  assumed  oon- 
biderable  prominence,  Tlie  heroes  of  Flomer  wrestle,  cast  the  discus,  and 
engage  in  foot  and  chariot  nices;  but  these  games  have  not  yet  beettrae  a 
fixed  institution,  and  the  gymnasium  is  unknown.  The  remarkable  de- 
velopment of  physical  culture  whiiih  appears  later,  begins  with  the  \hm- 
ans,  a  liardy  race,  who  invade  the  Peloponnesus,  and  establish  them- 
selves in  the  midst  of  a  numerous  hostile  jKipulatinn,  which  they  ure 
able  to  keep  in  subjection  only  by  maiiitairdiig  the  most  rigid  discipline 
among  themsnlves.  In  Sparta,  particularly,  whcm  the  odds  am  ten  tn 
one  against  the  Invaders,  everything  is  subonlinat***!  to  military  eflioiency. 
The  training  begins  even  in  infancy.  As  soon  aa  the  rhJId  is  ahlu  to 
walk,  it  is  taught  to  use  its  limbs  vigorously,  and  its  body  x*  hardened  hy 
light  clothing  and  exposure.  After  five  years  of  age  hoys  are  instruct«d 
in  the  pyrrhica,  a  mimic  contest,  with  movements  of  defence  and  attack 
resembling  those  of  actual  eombat ;  and  in  the  "anapalo,"  a  contest  of 
wrestling  and  boxing.  The  biy  is  now  a  military  pupil,  and  from  ihin 
time  onward  through  youth  and  manhood,  until  lie  is  incapacitated  hy 
disease  or  old  age,  his  time  is  spent  in  a  constant  discipline  of  his  physi- 
cal powers.  Family  life  is  unknown.  Tho  eliildren  arc  brought  up  in 
ronunon,  and  at  seven  years  ttf  age  the  boys  are  enrolhil  in  companies, 
mess  together  on  a  very  meagre  fare,  and  throughout  life  exercise  lwio« 
doily  in  the  gymnasium  or  on  thtt  parude-gruund.     In  order  to  wcun*  a 
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vi^rous  progeny,  girls  and  young  women  are  flubjeoted  to  s  (similar, 
though  less  eevero  training,  which  incltides  running,  leaping,  wrestling, 
and  throwing  the  lance.  The  time  of  marriage  is  regulated  by  law,  and 
marital  intercourse  allowed  only  under  circumstanees  most  favorable  for 
begetting  healthy  children.  The  whole  system,  in  short,  is  that  of  stoek- 
l)ree<lers,  and  produces  a  degree  of  physical  perfection  that  is  jiossiVjle 
only  under  the  most  careful  selection  and  culture.  "  The  ypartaiis,"  saya 
Xenophon,  "  are  the  healthiest  of  all  the  Greeks,  and  among  them  aro 
found  tJie  finest  men  and  the  handsomest  women  of  Greece."  Moreover, 
such  a  body  of  traine<l  athletes  are  found  tu  bo  invincible  in  war  ;  .Sparta 
needs  no  walls  besides  the  valor  of  her  citizens,  and  in  time  acquirer  such 
an  ascendency  in  Greece  as  to  dictate  terras  and  furnish  generals  to  her 
rivals. 

A  system  capable  of  such  results  is  naturally  copied  in  .many  of  its 
most  important  features  by  the  Ionian  States,  particularly  Athens  ;  but 
hero  the  training  is  no  longer  exclusively  ]>hyMical  ;  the  ctdture  of  the 
mind  is  added  to  that  of  the  body,  and  the  two  disciplines  arc  happily 
blended  into  what  may  be  regarded  aft  in  many  respects  the  most  perfect 
eystem  of  popular  education  the  ii'orld  lias  ever  seen.  This  tnethotl  ulti< 
mately  becomes  the  moilel  for  all  Greece. 

The  Greek  gymnasium,  as  it  e.xisted  during  the  best  period  of  Grecian 
civilization,  waa  a  unique  institution.  Jt  was  not  merely  a  training- 
school  for  the  young,  but  a  report  for  citizens  of  all  ages,  where  plulos<>- 
phy^  arts,  and  the  sciences  were  cultivated  in  connection  with  a  discipline 
of  the  bodily  powers.  In  time  the  institution  became  universal  throughout 
Gneoe  and  her  colonies;  every  city  had  its  gymnasium,  or  perhaps  more 
than  one,  ami  Pnusanias  speaks  of  it  as  a  sign  by  which  a  Greek  city 
could  always  be  recognizetl.  All  the  appointments  were  of  the  most  at- 
tractive character.  The  gj'mnasium  consisted  of  a  large  square  enclosed 
by  waib,  situated,  when  ]>ossible,  near  a  stream  to  afford  bathing  facili- 
lie«;  planted  with  plane-trees  for  shade,  and  decorated  with  works  of 
art  to  cultivate  the  sense  of  beauty  and  inspire  ambition  by  the  example 
of  heroes.  A  portion  of  the  ground  was  covered  by  a  roof  for  protection 
in  winter,  and  the  Iiirger  gymnasia  conlainetl  nmnerous  buildings  devoted 
to  various  puriJOse;-,  Within  the  enclosure  was  room  for  ball-play  and  a 
running  course,  a  stadium  ('iin:  feet)  in  eircumfereiice,  coveretl  with  sand 
10  make  the  running  more  difiicult,  and  surrounded  by  an  amphitheatre 
for  spectators. 

The  exercises  were  very  numerous,  and  varied  somewhat  in  different 
localities:  but  five  of  them,  which  were  calleil  the  pt^/ttitthion — running, 
leaping,  wrestling,  casting  the  discus,  anrl  hurling  the  lance — were  every- 
where practised,  and  formed  the  favorite  contests  at  the  national  games, 
'The  J'oot-race  appears  to  have  been  the  favorite  contest,  the  length  of  the 
short  races  being  usually  a  single  or  double  circuit  of  the  course  (200  or 
400  yards),  while  the  "  long  run  "  measured  twenty  stadia,  a  little  more 
than  two  and  a  half  miles.  V\'e  have  no  record  of  the  actual  speed  at 
which  these  races  were  run;  indeed,  the  ccmmon  practice  yf  covering  the 
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track  witli  sand  wnul<l  ronHcr  such  a  record,  even  if  we  possttsscd  onr, 
ust*l(*K8  for  oonij>iiri.<i<Mi  witli  rnn(lt>rn  ptfrfc>rniiifices.  The  H|>|HLrently  mar 
velloUR  reports  of  spi'**!!  which  hu*c  heen  haridp'l  down  t<>  us,  siinh  &s  tb" 
catching  of  a  hare  in  full  speed,  aiul  dtrfcatliig  a  ho»e  iti  a  racing'  match, 
would  certainly  be  nion^  salidfactorv.  if  wd  had  any  iiicana  for  judging  of 
the  porfonnanc«H  of  tho  hare  and  the  horse. 

Jjftipimj  was  al»"»  a  ver*'  popular  fxerciw,  and  wa*  especially  valued 
for  itH  iiHcfiilnciut  in  military  service.  The  bniad  jump  wa»  practiaed  moat 
frequently,  and  genomlly  with  tho  aid  of  weights.  An  inaoriptiou  on  a 
statue  erected  to  PhaPUos  by  his  native  city,  Crotonaj  records  a  broad 
leap  of  fifty-five  ftM>t,  but  nhetht'r  artiticial  aid  was  eiiiployed  ur  not  in 
not  stated.  The  broadest  running  leap  officially  recorded  in  modern 
times  was  twenty-nine  feet  seven  inches,  but  this  was  accomplished  with 
the  aid  of  Ave-puund  duml>*bc]ls,  and  from  an  elevation  of  four  inobaa.  • 
Unless  Pha^llos  made  uac  of  some  assistance  unknown  to  modem  times, 
the  story  may  safely  be  regarded  as  apoeryphal. 

Ctif^intj  thf  dtArn^  has  no  exact  jmrallel  among  athletic  exerciaes  of  thu 
present  day;  but  the  famous  atatue  of  "The  Discobolus,"  by  the  Athenian 
iKTulptor  Myron,  supplies  xm  with  a  striking  rt^prcsentation  of  tlie  attitude 
of  tho  disk-thrower.  The  body,  bent  forward,  and  turned  slightly  to  ih"*  ' 
right,  rests  upon  the  right  leg,  the  left  foot  being  raised  from  the  ground 
and  carried  behind  tho  right  one;  tho  left  hand  grasps  the  right  thigh 
just  ubovc  tho  knee  in  order  to  steady  the  position,  while  tho  right  arm, 
extended  almost  horizontally  backward,  is  about  to  make  the  cast.  In 
this  movement,  as  we  know  from  other  sourcfis,  the  arm  swept  downward 
through  a  semicircle,  and  delivered  t)ie  revolving  disk  at  al>out  an  anglu 
of  45  degrees  to  the  horizon,  tho  athlete  springing  forward  at  the  same  in< 
stant.  The  discus  was  a  circular  plate  of  stone  or  iron,  ten  or  twelve  I 
inches  in  diameter,  and  aomctiraos  perforated  at  the  centre  for  the  passage? 
of  a  thong  to  aid  in  grasping;  but  usnally  no  such  assistance  was  U8e<i, 
tho  smooth  plate  being  simply  held  in  the  hand,  which  had  previously  been 
thoroughly  rubbed  with  dust.  Tho  weight  of  the  discus  is  umwrtain;* 
probably  it  varied  at  diffcronc  times  and  in  different  localities.  Phafllos, 
the  celebrated  <*rotonian  athlete,  to  whom,  as  we  hove  pre^nouely  seen,  a 
Btatuo  was  erected  by  his  fellow-oitixens,  was  said  to  have  ca«t  a  discus, 
weighing  etijfit  pounds,  ninety-five  feet.  Tlie  remaining  games  of  the 
pentathlon — wix'stling  and  hurling  the  lance — need  no  special  description. 

Besides  these  and  a  few  other  exercises,  such  as  games  of  boll,  swim- 
ming, etc.,  all  of  whinh  formed  a  part  of  Greek  education,  and  wcjv 
participated  in  by  the  citizens  generally,  there  were  certain  contests  which  j 
wore  gradually  monopolized  by  a  class  of  professional  athletes,  who  de- 
voted their  lives  to  the  severe  training  required.     The  most  important  of  I 
these  contests  consisted  In  pugilism,  the  ptntkrution — a  combination  of 
wrestling  and  boxing — and  the  combat   with  tho  cestus,  a   formiilabl<» 
gauntlet  of  leather,  sometimes  loaded  with  lead  or  iron,  which  was  bound  i 
to  the  hand^tid  arm   by  thongs.      During  the  later  period  of   Greek 
hitftory  ('k)0-3U0  b.c.),  all  the  exercises  of  the  national  games  full  into  ihi- 
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hands  of  this  professional  oluss,  and  a  distinction  arose  similar  to  that 
between  the  '*  professionals  "  and  "amateurs"  of  our  own  day.  Thoiw 
who  spent  their  tiuie  oxcluslvoty  in  traininj^  for,  and  competing'  in^  publir 
ganncs  for  prizns,  worn  known  as  ntlilt>t:i>  (u^Aa,  a  prize),  as  distinguished 
from  the  agonistai,  or  those  who  took  part  in  the  competitive  exercises  of 
the  gymnasium  simply  for  the  sake  of  physical  culture. '  The  withdrawal 
•f  the  belter  class  of  citizens  from  the  public  games,  and  the  growtli  of 
luxury  in  the  cities  of  Greoce,  in  time  produced  their  natural  results. 
The  gymnastic  art  gradually  disappeared  from  the  system  of  pubUo  edu- 
cation, and  the  national  games,  although  continued  long  after  the  in- 
creasing effeminacy  of  tho  people  had  resulted  in  the  downfall  of  Greek 
independence,  steadily  degenerated  into  brutal  combats  or  exhibitions  of 
trivial  feats  of  skill. 

The  careful  attention  paid  by  the  Greeks  to  the  hygienic  details  of  ex- 
ercise deserves  a  brief  nnticre.  As  clothing  was  unnecessary,  and  even  in- 
convenient, in  the  mild  climate  of  Greece,  during  bodily  exertion,  the  single 
garment  called  the  iiaoftoL,  a  short  pair  of  drawers*,  which  was  originally 
worn  in  the  gymnasium,  was  after  a  time  discarded,  first  by  the  Spartans, 
and  afterward  by  all  the  Greek.s,  thougti  at  .\thens  complete  nudity  doe-i 
not  appear  lo  have  been  the  invariable  rule.  At  the  public  games,  con- 
test* in  wrestling,  boxing,  and  the  pancrution  were  fought  by  naked  com- 
batants,  and  after  the  32d  Olympiad  nudity  was  required  also  of  contes* 
tants  in  the  foot-race.'  Before  exercise  was  begun  the  body  of  the 
gymnast  was  oiled  and  covcnKi  with  dust  and  sand,  partly  to  protect  the 
skin  from  injury  and  from  the  chillmess  of  the  air,  partly  to  lessen  per- 
spiration, the  loss  of  which  was  supposed  lo  diminish  strength,  and  partly 
to  afford  contestants  a  bettor  hold  in  wrestling.  After  exercise  in  the  suiii 
the  dusty  body  was  cleansed  in  a  cold  bath,  thorrmghly  scraped  with  a  stri- 
gtl,  and  again  salved  with  oil,  the  result  being  a  finii,  brown,  glossy  »kin — 
ft  biMlthy  tissue  indicative  of  the  general  vigor  of  the  body.     The  dis- 


'  Tha  term  "athletic  itports,"  which  was  adopted  in  EnglaDcl  about  tweatj  jean 
■fo  lo  distinffQiiih  unatenr  from  profemional  oonteata.  k  clearly  a  mlsaomcr,  bo  far  aa 
It  is  iMaed  upon  Greek  nomcnolatnre.  The  amoteor  oonteets  of  tbtj  preiient  day  am 
**  aconiaUc,''  bat  the  fonnor  term  U  perliapM  jostifiable,  aa  it  seeiuii  lo  be  the  only  oue 
available.  Its  present  use  is  a  corious  illustmcjoa,  however,  of  the  way  lo  which 
wofda  nltlmately  become  dUtortet}  from  thoir  ori|pQal  meaning'. 

'  AHbongb  the  frequent  oootemplation  of  tho  cudu  mole  form  andoubtedly  favored 
to  a  very  important  degree  the  developmeat  of  Oroek  art,  the  moral  iuUuunce  of  the 
custom  was  disastroua ;  at  teaat,  it  iA  very  probable  that  the  iireTulmico  of  pi^eraaty 
amoiig  the  Oraeka  wa«  chiefly  doe  to  Ihiit  caune.  The  extraordinary  ti]Queui;e  which 
tlua  DUiBtOTal  pocsion  exerted  over  caltlvated  aa  well  as  delxued  minda  duriui^  thti 
heat  period  of  Oreek  civilUatioo.  may  be  fitudi<>(l  in  The  Sympoainni  and  The  Laws  of 
PUtO  (Jowctt'a  tnuulatioii.  Vols.  £.,  IV,) ;  the  Htb  uhapler  of  Xeuophoa's  SympoHium ; 
the  Ulinl  oration  of  Ly^iaa  (Il^t  XlpMtm);  Machines'  oration  a;;aiuBt  Timarohus;  Lu- 
ciaa's  Amorca.  and  the  tbitteeiith  book  of  AtUeiuuuM.  The  xuhjuct  ix  fully  treated  by  3f. 
Manry  :  Hist,  dea  Reli^oos  de  la  Grdccantirmo.  Tome  III-,  pp.  35-3y.  With  regard  to 
thepludy  Platoaio  altachmenta.  which  were  also  oonimou  between  iodividtuiU  of  the 
male  aex  all  through  hiatorioat  Greece,  aeo  J.  F.  M^ialZy  :  Soutal  Life  in  Greece,  Lon- 
don. 1B74,  pp.  30&^I3.) 
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piritcd  army  of  Agosilaus  needed  only  the  «ght  of  the  soft,  white  skins  of 
the  Persian  prisoners,  who  had  been  8trii>i>e<l  in  il»  prest^nce,  to  reviv*  iU 
courage  and  cxoitc  its  derision  of  tbu  foe  it  had  needlcsely  fearvd. 

As  regards  the  prepajration  reqairod  of  those  who  took  pa.rt  in  the 
national  games,  the  most  remarkable  feature  was  its  thorougjmcsa.  At) 
competitormit  the  Olympic  games  were  obliged  to  swear  that  for  ten  months 
previously  they  had  faithfully  goiif  through  all  the  preparatory  exercises 
prescribed  by  tho  laws,  and  had  practised  for  the  last  thirty  days  in  the  gym- 
nasium at  Ells.  Besides  ihc  obligatory  exercises,  others  were  also  employtyj 
to  develop  particular  nmsoles  or  to  strengthen  the  entire  frame,  such  ts 
carrying  heavy  loads,  lifting  heavy  weights,  striking  at  sand-hags,  etc.  For 
the  education  of  an  athlete,  training  was  commonly  begun  in  Ixiyhouil.  ar)r| 
was  continued  without  any  legal  limit,  except  in  the  case  nf  uniformly 
unsuccessful  contetitants,  who  were  debarretl  from  further  eompettlion 
after  thirty-five  years  of  ag»»,  beyond  which  time  improvement  wa«  re- 
garded as  hopeless.  The  training  diet  difTered  at  different  jioints.  At  first 
it  was  restricted  to  new  cheese,  dried  figs,  and  wheat-bread  or  boitf^t 
grains;  afterwarrl  meat,  generally  beef  or  pork,  was  allowed,  but  only  »i 
diimer.  No  rpstrictioii,  however,  was  placet!  upon  the  amount  of  footl, 
anil  excesses  in  eating  appear  to  have  been  common,  if  we  may  judge  from 
the  frequent  occurrence  of  apoplexy  among  the  Greek  athletes.  The  ac- 
count given  by  Athenieus  of  the  enormous  quantity  of  food  daily  non- 
sumed  hy  Milo — twenty  poumls  of  meat,  twenty  jmuntU  of  brvad.  anri 
fifteen  pints  of  wine — is,  of  course,  grossly  exaggerated;  but  it  is  at  least 
indirect  ovideuce  that  the  Greek  system  of  training,  like  many  of  the  so- 
called  systems  of  the  present  day,  was  more  scrupulous  alx>ut  I  lie  quality 
than  about  the  quantity  of  the  diet. 

.\moiig  the  Romans,  the  alliance  of  pliysical  with  mental  cullitre, 
wliich  elinraoterized  the  Greek  gynuiasium  in  its  I>e8t  days,  was  unknown; 
bat  military  gymnafttics  were  always  cultivated  with  much  enthosiastn, 
until  the  general  spirit  of  luxury  during  the  later  empire  finally  itprea'i  tu 
the  army  itftclf,  and  led  to  the  abandonment  of  the  scvrre  martial  train- 
ing whicli  had  made  the  Roman  legions  the  terror  of  the  world.  Theie  ar- 
duous exercises  were  shared  by  the  officers.  Marius  was  said  never  to  Iwve 
missed  a  day  at  the  Campus  Martius;  and  Pompcy,  as  we  are  informed  br 
Sallust,  was  able  to  compete  in  feats  M  nkill  and  endurance  with  1115 
i^ldier  of  his  army.  The  youths  of  patrician  fatnilies  likewise  prartt«r(l 
athletic  exercises— foot-races,  wrestling,  hurling  the  lance,  horsehack* 
riding,  and  fiwimming — but  merely  as  a  preparation  for  military  Bcrvicr; 
indeed,  tlic  martial  passion  of  the  Roman  nation  during  its  long  career  uf 
conquest  naturally  directed  the  practice  of  bodily  exercises  into  tliis  pimr- 
tical  channel,  rather  than  to  competitive  exhibitions  such  aa  wcrv  comrRuii 
in  Greece  On  the  introduction  of  Greek  customs,  however,  afler  lb« 
subjection  of  this  country  to  Hoinan  rule,  public  contests  bovame  ptJpuUr, 
but  flonn  d«*giMierated  into  the  blo»Hly  gladiatorial  rumbata,  tu  which  ibf 
moral  ruin  of  the  nation  is  to  be  largely  ascribed. 

After  the  fall  of  the  Honian  empire,  the  g^nniaHtic  art  gradually  din- 
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appeared  £rom  ciTilizetl  Europe,  but  was  still  cultivatc<l  in  a  ruilc  fashion 
•nong  tho  hardy  Tcutoiiio  tribes  of  tht*  north,  whose  warlike  panics  had 
been  described  by  Tacitus  in  the  first  century  of  the  Christiau  era.  Tho 
koighU  of  the  Nibelungenliod,  likn  the  Homcrit:  heroea, 

"  Harl  the  itoDO  teupeetuooa,  and  dart  tbo  wbiuing  spear/' 

but  thev  also  engage  in  L'ontesis  on  horseback,  a  custom  in  which  we  can 
tracp  thr  origin  of  the  tournaments  of  the  middle  age^s.  The  women,  also, 
ae  in  Sparta,  were  inured  to  bodily  exertion,  and  not  only  frequently  ac- 
ccHnpaoieil  their  hu^bainU  upon  warlike  v.x^>cditioiis,  but  also,  in  some 
instances,  exhibited  the  meet  daring  personal  hmvcry,  as  in  the  battle  at 
Aquie  Sextixe.'  After  sociuty  bet-ame  organized  under  the  feudal  system, 
and  particularly  after  tho  increase  of  city  life,  the  practice  of  warlike 
gamea  declined  among  the  commonalty,  but  still  survived  for  several  cen- 
turiea  in  the  tournaments  of  the  nobility,  an  institution  which,  (ribbon 
says,  "  impartial  taste  must  prefer  to  the  Olympic  games  of  classic  an- 
tiquity." Finally,  the  institution  of  chivalry  itself  succumbed,  in  turn, 
under  the  radical  changes  in  warfarR  effected  by  tho  development  of  scion- 
lific  tactic«,  which  made  infantry  superior  to  cavalry,  ami  by  the  discovery 
of  gunpowder,  which  diminished  the  importance  of  individual  prowess. 

Although  the  abandonment  of  military  g}*ranastics  was  in  part  com* 
pensated  by  the  continued  practice  of  various  exercises  and  games,  which 
otUl  retained  their  popularity  among  nations  of  Teutonic  origin,  and,  to  a 
leas  degree,  iu  France,  Spain,  and  Italy,  whore  the  Germanic  tribes  had 
established  themselves  during  a  considerable  period  as  a  conquering  race» 
the  uiterest  awakened  in  the  institutions  of  ancient  society  by  the  Itenais- 
MUioc  in  time  directed  attention  to  the  importance  of  a  more  systematic 
physical  educati<m  for  the  young.'  A  return  to  Ucllenic  gymnastics  waa 
vigorously  advocated  by  the  German  reformers  Luther  and  Mehuicthon, 
a«  well  as  by  the  Swiss  Zwingli,  but  without  mucli  practical  rosult,  except 
the  introduction  of  physical  exereises  into  a  few  schools  and  college* 
e«tablished  by  their  pupilii.  From  time  to  time  similar  views  were  pre- 
sented by  other  writers;  t'amerariiis.  nf  Baniborg.  in  his  Rules  of  Life 
for  Boys  {about  1540);  Alercurialis,  a  few  years  later,  in  a  work.  Do  artr 
gyninastica  ;    Montaigne,    in  his   admirable   e^ay   on  Tho  Education  of 

(Children  (lJ8n)  ;  Locke,  in  his  Thoughts  concerning  Education  (l(iO'l)  ; 
and  Jean  Jacques  Kousseau  in  his  Emilius  (17.32),  one  nf  the  seminal 
works  of  literature,  to  which,  with  all  its  faults,  modem  education  owesV 
tWp  debt  of  gratitude.  In  France,  Rousweau't*  (-<luoational  theories  pm- 
'  The  leader  of  the  old  Crerman  epio.  ''  The  Fall  at  the  XtbetaiigerB."  will  reoall 
th*  ooaditloiu  aiKiii  which  "  Gooil  King  Ganther"  won  the  hanil  nf  the  fierce  Utit 
beautiful  SoandinavittU  luaiden,  Brunhild,  viz..  that,  at  the  iwril  of  hi>t  lif«,  be  should 
TWuiuUh  hfr  m  barliii;j'  Ihu  spear.  nonHng  the  itoue.  and  leaping  after  the  etone  as  it 
was  thrown  ;  also,  how  he  Hoooeeded  only  with  the  ajnuttaao*;  of  his  noble  friend  Ste^c- 
fned.  aad  was  a^n  obti^d  to  invoke  the  latterii  Betricoa,  after  the  mtrriage,  bo  oub- 
dao  the  refrootorT*  bride. 

*  For  an  excellent  aocoaut  of  the  rise  of  modi>m  gymnaatUia,  see  :  An  Enaay  uu  Lli>* 
Bynematic  Training  ut  the  Body,  by  C.  IL  Sohaiblc.  M.D..  fioodou,  1878. 
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duced  a  profoun<l  impression,  but  led  to  no  immGdUtc  gcnenU  reform,  u 
the  education  of  tlip  young  was  at  that  time  almost  exctosivcly  in  th« 
hands  of  th<»  oler^y,  In  Germany,  however,  where  a  movement  towards 
greater  naturalness  and  freedom  in  education  was  already  in  prc^rca, 
ICousBcau's  ideas  were  enthusiastically  welcomed  by  a  few  educalional 
rnfomicrs,  UaKedow,  Campe^  Petttalozzi,  and  Salzmann,  who  introducct 
physical  i^xertMsi's  into  the  curriculum  of  the  schooU  under  thoir  charge. 
At  SalzniKiin's  institution,  in  Thuringia,  gymnastics  were  systematically 
taught  by  the  celebrated  Gut»muth»,  the  author  of  serer&l  worlcs  on 
physical  edurntion,  the  last  one  being  his  Turnbueh  (1818).  The  result 
of  the  plan  adopted  at  this  scliool  was  seen  in  the  remarkable  health  of 
the  boys,  since  not  a  single  death  oeeurred  during  a  period  of  thirty-two 
years  among  the  3>J4  pupils  who  had  been  educated  there.  Giimnastics 
never  became  popularized  in  Germany,  bowever,  until  after  the  humilia- 
tion  inflicted  upon  this  nation  by  Napoleon,  when  a  vigorous  movement 
in  favor  of  physical  educAtion  was  initiated  by  Frederick  Ludwig  Jahn. 
affeetionatoly  known  by  his  countrymen  as  "  Valer  Jahn."  His  famouji 
gymnasium,  or  Turnplatz,  at  Berlin,  was  established  as  early  as  1811; 
two  years  afterward  he  left  it  to  enter  the  army  against  Napoleon,  and 
in  181f>  returned  to  Berlin,  where,  in  connection  with  hU  pupil  Kisilen,  he 
published  his  famous  work,  Deutsche  Turnkunst.  The  importance  of 
.lahnV  sen'ices  to  the  cause  of  physical  education,  particularly  in  Ger- 
many, cannot  well  be  overestimated,  lie  greatly  enlarged  and  improved 
the  hitherto  imperfect  system  of  exercises  by  the  introduction  of  horizon- 
tal and  parallel  bars,  and  other  new  apparatus,  and  organized  numerous 
g^*mnaatic  societies,  or  Tumvereine,  nhicti,  notwithstanding  their  re- 
peated suppression  by  the  government  for  political  causes,  have  doD<» 
valuable  work  in  maintaining  a  high  standard  of  physical  culture  in  ijrr- 
many.  In  1844  jtoveral  State*  of  the  German  Confederation  passed  de- 
crees introducing  gymnastics  into  all  educational  institutions,  anrl  ct*ntral 
schools  of  g^-uinastics  were  soon  afterward  established  for  the  educatiou 
of  teachers  of  the  art.'  At  the  same  time  »  modified  system  of  ezerciaw, 
adapttxl  to  the  requirements  of  military  scnrice,  was  adopt-^d  by  the  Pm»- 
sian  government  for  the  training  of  army  recruits,  and  this  system  is  nuw 
«inployed  for  all  the  armies  of  the  Gt*rman  Empire.  As  three  y«ars  of 
personal  service  in  the  ranks  is  exacted  of  all  able-botlied  citizens  after 
the  age  of  twenty-one  years,  it  will  be  seen  that  almost  the  fntire  malfr 
population  of  Germany  enjoys  the  advantages  of  a  systematic  phvTJtcal 
e<lucation  at  a  period  of  life  when  such  training  cannot  but  be  extrvmci) 
valuable. 

In  Switzerland  a  similar  popular  movement  was  begun  about  ISlfi,  by 
Clias,  professor  of  gymnastics  in  the  Academy  of  Berne.'  Soon  aftw^ 
ward  gymnastics  were  introduced  into  the  schools  and  colleges  of  the 

'ThaooDtral  (cyninaiitio  iiohool  of  Pnunda  wom  eittabiiitfaed  nt  BerUn  in  1M7. 

*CUaa  vnu  the  author  of  two  iia|>ortant  works  on  {fTmnastioc :  Anfaocifxttada 
lief  Q-ymnastik  r>.ior  Tarnknust  (,1810),  aad  Klementarjr  Goanw  of  Gynmaatic  Ran- 
*-ia«a  (LoadoQ,  It^). 
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country,  and  were  thoroughly  tauf;;ht  at  the  national  training^-ijclioolfl  fur 
toai'hcns  so  that  the  primary  st^hools  were  kept  whW  KU|>plif(l  with  cnpahle 
instructors  of  tho  art.  Numi.'rmi8  gyiuimslin  Ki>rteti<?s  were  oifra.ui/A'd  in 
all  thn  cantons,  and  in  1S3.;!  these  societies  were  unitpd  into  the  Swiss 
Gymnastic  .\BSoc.iation,  which  hcsid  annual  cclehrations,  and  included  in 
its  membership  all  classes  of  the  cominunity.  By  a  law  passed  in  184'.), 
gymnastic  exercises  were  made  obligatory  in  all  educatinnal   instituti'Jii'i. 

In  Denmark,  a  gymnasium  was  opened  as  early  aa  li".tO,  by  Nachtigall, 
through  whose  influence  gymnastics  soon  became  popular  throughoxit  the 
kin^om.  The  labors  of  Ling  at  about  the  same  time,  in  Sweden,  were 
less  successful,  though  after  sovoral  years'  delay  they  were  liually  recog- 
nized by  the  govcrnmont,  and  a  CV^ntral  Academy  of  Gymnastics  was  es- 
tablished in  1814  at  Stockholm.  Ling's  Bystem  of  tree  exercises  was 
radically  defective,  however,  in  being  h>a*ie<l  on  a  wrong  co»(f?j»tion  of  the 
true  function  of  muscular  exercise.  He  failed  to  see  that  the  full  benefits 
of  exercise  are  not  obtained  unless  the  niusrular  i:ontractions  are  suffi- 
ciently energetic  to  prtxluce  a  decided  impression  ujion  the  vascular  atid 
respiratory  systems — s  result  very  imperfectly  att^ained  by  his  iiignnioiis 
system  of  mere  movements  of  the  body  and  limbs.  His  system  of  passive 
movementa  for  invalids,  however,  has  proved  to  be  a  valuable  addition  to 
tberapeaticfl. 

The  application  of  gymnastic  exercises  to  the  treatment  of  disease  had 
before  this  time  been  adx'ocated  in  /Va/iCi!  by  C.  J.  Tissot,  a  physician  of 
MDie  prominence,  in  a  work  entitled  Gymnastiquo  M6dicale  (1781).  The 
introduction  of  tho  gN*mnaatic  art  into  that  country  dates,  however,  from 
the  second  decade  of  the  present  century,  when  a  popular  interest  in  the 
sabjeot  was  awakened  by  Clias  and  Col.  F.  Amoros.'  and  gymnastics 
were  gradually  adopted  by  educational  institutions,  and  finally  by  tho 
goTemment  for  the  training  of  army  recruits.*  The  Krencli  system  of 
military  gymnastics  is  much  moreehiborate  than  the  German.  While  the 
latter  consists  of  only  a  few  simple  movements,  which  are  to  he  executed 
with  great  precision,  the  course  of  exercises  for  the  Krcwinh  recruit  is  very 
extended,  beginning  with  a  series  of  ehmrntiirt/  r-xcrriiu's  designed  to  ren- 
der the  boily  supple  as  well  as  to  increase  muscular  strengfth,  and  ending 
with  iXpplUd  or  practical  cjcerruitut^  which  are  executed  upon  iixcd  appara- 
tna,  and  are  adapted  to  the  professional  duties  of  the  soldier.  The  French 
«yst«m  has  much  to  commend  it;  but,  as  Maclareii '  has  pointed  out,  it  is 
ill-arranged  and  unnecessarily  elaborate.  "  The  French,"  he  says,  *'  have 
elaborated  their  system  to  such  an  extent  that  it  is  diflicult  to  say  whcru 
it  b^ini  or  where  it  cixls,  or  to  tell  not  what  it  docs,  but  what  it  due^ 
not  wnbrftce.  For  quite  apart,  and  in  addition  to,  an  t-xtcnded  range 
of  exerciiefl,  with  and  without  apparatus,  it  embraces  all  defensive  ex- 
eroiBes  with    bayonet  and   sword,  stick,  foil,   fist,  and   foot,  swimming. 


_,'  Tb«  leymnailnm  of  GraaaUe,  In  Paris,  wu  foooded  In  1818. 
'Hie  CcDtral  School  of  QymnaAtios,  near  ViQCconea,  was  eatabliabcd  la  1853. 
*  A  BTMcm  of  Pbyaical  Edacation :  Archibald  Madaren,  Oxford,  1809,  p.  81. 
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dancing',  and  slnginj^,  reading,  writing,  and  arithmetic,  if  not  the  uw  of 
the  ^lohes.  The  soldier  is  taug'ht  to  throw  bullctA  and  bars  of  iron;  he  is 
taught  to  walk  on  stilts  and  on  iwgsof  wood  driven  into  thegrunnd;  hei* 
taught  to  push,  to  pull,  and  to  wrestlti;  and  althnngh  the  boxing  which  lie 
is  taught  will  never  enable  hini  to  hit  an  adversary,  bt*  ia  tauglit  manfuUv 
to  hit  himself,  iirst  on  the  right  breast,  then  on  the  left,  and  then  on  both 
together,  with  lH>th  bandit  at  once;  and  last,  but  not  least,  he  {»  taught  to 
kick  himself  behind,  t<f  which  performance  I  have  seen  Monsieur  as  proud 
as  if  ho  were  ignominiously  expelling  an  invader  fmm  the  Aoi  sncre  of  La 
belle  France.  Now,  I  know  of  no  particular  reason  why  a  soldier  should 
not  be  taught  all  these  reqiiir»^mcnls,  and  I  know  many  important  reaaon* 
why  he  should  he  taught  sonin  uf  them;  but  it  would  be  difHciilt  toaasign 
any  reason,  either  important  or  particular,  why  they  should  be  called 
gymnastics,  or  be  included  in  a  system  of  bodily  training.'' 

In  Kngland,  gymnastics  have  never  been  cultivated  with  the  same 
general  enthusiasm  &»  in  Germany  and  Switzerland,  probably  on  account 
i)f  the  partiality  of  the  KngliHli  for  out-door  exerciaea.  The  first  sueoositfttt 
attempt  to  introduce  German  gymnastics  into  England  was  made  by 
Clias,  w^hose  labors  in  Switzerland  and  France  have  already  been  noticed. 
In  1823  he  was  invited  to  Kngland,  and  in  the  following  year  was  ap- 
pointed Teacher  of  Gymnastics  in  the  Royal  Military  Academy  at  Wool- 
wich. Through  his  instrumeutaUty^  g^'mnastics  were  introduced  into  the 
unny  and  numerous  educational  institutions,  but  the  interest  awakened 
was  short-lived,  and  after  the  resignation  of  Clias,  in  IR'^.*),  the  niovemeni 
which  he  had  initiated  gradually  died  out.  No  imjiortant  revival  of  gym- 
nastics took  place  until  18t>l,  when  a  gymnastic  association  was  formed 
in  London  by  K.  G.  Uavenstein'  and  Homan  Schweitzer,  the  succe«s  of 
which  led  to  the  formation  of  similar  organixations  in  many  other  oittea 
After  the  Crimean  war,  tlio  Ktiglish  government  (ISolt)  appointed  a  ootn- 
mission  to  examine  the  systems  of  military  gymnastios  used  in  the  conti- 
nental armies.  The  report  of  the  commission  strongly  urgvd  the  adoption 
of  some  similar  course  of  bodily  training  for  FngHsh  recruits,  and  measures 
were  at  once  taken  to  cjirry  the  recommondation  into  practical  effwt. 
Two  detarlimonts  of  non-commisaioned  offit^rs,  under  conimaud  of  Colonel 
Ilammersly,  who  was  to  superintend  the  new  work,  were  sent  to  Oxford 
to  be  qualified  as  teachers  by  Mr.  Maclaren,  and.  after  proper  training, 
wore  then  removed  to  Aldcrshot,  where  a  central  school  of  gymnastics 
was  established  (1801)  for  the  regular  supply  of  instructors  to  the  army. 
Gymnasia  liave  been  erected  at  all  barracks  of  the  British  anuy,  and  il»i» 
system  is  now  in  complete  and  very  satisfactory  operation.  The  code  of 
instruction,  which  was  drawn  up  by  Mr.  Maclaren/  is  much  less  elaborate 
than  the  French  system,  while  it  is  more  thorough  ajid  praotioal  than  the 


'  The  nuttior.  in  conuectlon  with  Mr.  Jolio  Hulley,  ^miuudar^  of  livcrpoot,  of » 
Tcry  excellent  Handbook  of  ayxooastici  aad  Atblettca.  London,  1667. 

'  A  Military  f^}-«tom  of  Oj-nisastto  Bxeroiaw  for  the  tiae  of  Iiuuuutota;  AicUlaM 
MoolareD,  Adjutnut-Oenerol's  Offloe,  Hone  Ooanb,  Kolimarjr,  1602. 
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German,  and  is  based  up<in  t\w  Round  principi*?  that  tho  first  roqulsitp  is 
lo  develop  phyflical  power  b^'  a  simpte  and  yrixdunllif  prof/rfusive  course  of 
cxerciaes,  after  which  the  practical  application  of  this  aciptircd  power  to 
the  special  duties  of  the  soldier  bcconioa  a  comparatively  vtiay  task. 

Krom  tJonnany  gymnastics  were  introduced  into  the  I'nited  States  by 
a  pupil  of  Jahn,  Dr.  Beck,  who  established  a  gyinuasium  in  1825>  at 
Nortbamptou,  Massachusetts;  at  leant  this  was  the  first  gymnasium  in 
this  country,  so  far  as  we  can  learn,  where  the  g^ymnastic  art  was  taughl 
by  a  competent  infttmetor.'  Although  at  nu  time  very  popular  in  this 
country,  gymnastics  have  gradually  gained  a  firm  support  in  all  the  large 
cities,  particularly  in  those  with  a  largo  Gcnnan  population,  while  the 
gymnasium  is  now  regarded  as  a  necessary  adjunct  to  most  of  the  higher 
iiifttitutioiiflkof  luarniiig.  With  few  exceptions,  however,  the  gymnasia  of 
this  country  are  deficient  in  proper  means  for  instruction.  We  shall  have 
ion  to  refer  to  this  serious  defect  with  inoro  particularity  hereafter. 

In  concluding  this  brief  historical  sketch  a  word  is  necessary  with 
ripfcrenoc  to  the  origin  of  the  present  system  of  amateur  "  athletic  sports," 
whtcii  include  walking,  running,  leaping,  throwing  the  hammer,  putting 
the  weight,  and  occasionally  a  few  other  exercises.  The  present  system 
has  been  of  gradual  growth,  the  exercises  at  first  consisting  only  of  feats 
of  pedestrianism,  walking  and  ruiming,  other  events  being  introduced 
from  time  to  lime  as  the  sports  increased  in  popularity.  ITair-ye-arly 
meetings  for  this  purpose  were  held  as  early  as  1812,  at  the  Royal  Military 
College  at  Sandhurst,  Kngland;  but  the  example  was  not  followed  at  the 
principal  Knglish  schools  until  about  1840,  when  the  games  were  intro- 
daoed  at  Hugby,  Eton,  Harrow,  and  several  other  schools  and  colleges. 
Annual  meetings  wore  established  at  Oxford  (Exeter  College)  in  1B52, 
and  at  Cambridge  (St.  John's  and  Emanuel  Colleges)  in  1855,  while  the 
University  sports  were  inaugurated  at  Cambridge  in  1857,  and  at  Oxford 
ill  18C0.  In  1864  was  held  the  first  annual  meeting  of  Oxford  vs.  Cam- 
bridge, and  in  ld6l>  the  annual  championship  meeting  was  founded  at 
London,  whore  the  college  champions  contend  with  reprt?scntativc8  from 
amateur  organizations  in  all  parU  of  the  United  Kingdom.  In  the  same 
year  was  formed  the  celebrated  London  Athletic  Club,  which  is  now  re- 
garded as  the  chief  authority  upon  subjects  connected  with  athletic  sports. 
Amateur  sports  as  distinguished  from  professional  contests*  have  been  leas 

'  Mr.Ottifnon.  whose  name  is  familiar  to  many  of  our  readers  mcoQQeciioD  with  the 
earljr  history  of  lO'iiinaBtios  in  New  York,  informs  me  tbat  the  Latin  Sofaool  of  Balem, 
MaaaacfauaettB,  poaseased  a  {^ymnosinm  ut  earl.r  as  tliu  yeM  1831,  but  tbat  no  ajratem- 
Btic  iustniotiasi  was  ^ven  there.  A  ^muiuuum  was  estsbliRhed  la  Boston  aboat  1835, 
in  TramoDt  street,  on  llie  groandii  tben  known  as  the  Waahinf^on  GardHii^.  Iti  New 
York  the  fliat  gymunaium  was  opened  ab^iub  1834,  by  Mr  Fallor.  in  Aud  street,  la 
1442  aaothor  one  was  establUbed  bj  Mx.  Ottifrnon,  at  tbu  Bouth-woftt  corner  of  Broad- 
way and  Chambers  street,  aud  tbii  wan  r«moTed  in  1H45  tu  Cuuul  street,  iu  1840  to 
598  Broadway,  and  in  184D  to  Crosby  street,  near  Blocckcr. 

'  la  Great  Britain  the  dtntinction  between  an  amateur  and  a  {irofeuional  is  rigidly 
enfofuad.  An  amateur  ntlOcto  in  defined  u  :  "  Any  portion  wbu  Las  Devor  uompcted  iu 
an  open  oompetition.  or  for  public  money,  or  for  admission  money,  or  with  profeaeionala 
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popular  in  SootUnrl,  &nd  but  few  amAteur  clubs  luve  been  fonneil,  except 
those  ooniiPcted  wiih the  Univereuies  of  Kdinburgrh,  Cllosgow,  St.  Andrew's, 
Kiid  Aberdcon,  and  Kome  of  the  larger  public  schuuls.  In  1871  the  Scoti'li 
Inter-university  Asituciation  whs  funned,  and  annua)  meetings  are  now 
held  alteniatfly  at  the  universities  composing  the  organization.  In  Ire- 
land athletic  sports  have  been  cultivated  with  great  enthusiasm,  and  with 
remarkable  success  in  the  record  of  perfonnanccs.  The  first  regular  gann^s 
took  place  at  Trinity  College,  I>ub)Iii,  in  1857,  and  wore  repealed  nnnuBllv 
thereafter;  but  no  complete  organization  was  effected  until  1H71,  when  the 
Dublin  University  Athletic  Club  was  formed.  The  Irish  Civil  Service  had 
formed  an  athletic  club  fotir  yoars  pre\'ions  to  this  time.  In  \H7'2  was 
founded  tlie  Irish  Champion  Athletic  Club»  wluoli  is  r»ow  the  most  prominent 
athletic  assoc^iutiou  in  IrelaTid,  and  exert«  the  same  authority  there  tliat 
is  wielded  by  the  London  Athletic  Club  in  Kngland.  Numerous  other 
clubs  have  been  formed  in  all  jinrts  of  the  coutitrj'.  The  athletic  more- 
nicnt  in  the  United  States,  though  as  yet  less  genera)  than  in  Kngland  or 
Ireland,  has  upon  the  whole  been  very  successful.  The  New  York  Athlei  ic 
Club,  whieh  is  now  the  most  prominent  organization  in  this  country,  was 
founded  in  1868,  established  tlieir  present  superior  quarters  at  Mott 
Haven  in  1874,  and  in  187G  opened  annual  contests  for  the  '*  AmatelU■ 
(-'han)pions)lips  of  America,^*  since  which  time  the  Knglish  definition  of 
nn  amateur  has,  with  a  few  exceptions,  been  strictly  enforced.  Atliletio 
HSEociations  have  also  been  fonned  at  all  the  leading  colleges,  and  inter- 
collegiate meetings  have  been  held  under  the  auspices  of  the  *'  College 
Athletic  Association  "  which  was  founded  in  1875.  The  progress  of  the 
movement  has  been  very  rapiil  within  the  past  five  years,  particularly  in 
the  Middle  and  Eastern  States,  and  promises  to  extend  within  a  short  time 
to  all  parts  of  the  country.' 

FOBUS   OP   BXKRCUIB. 


'  Having, 

Although  the  relative  amount  of  work  accomplished  by  the  individual 
muscles  engaged  in  the  act  of  rowing  varies  more  or  less  with  the  styli* 
of  stroke,  the  following  analysis  of  the  muscular  movements  in  wliat 
known  as  the  Oxford  system  will  apply,  with  unimportant  inodtficatinna»^ 
to  most  of  the  best  styles  of  rowing  at  ])resent  in  use  for  shells  with  slid- 
ing scats.  If  wc  begin  with  the  position  of  the  rower  at  the  completion 
of  a  stroke,  viz.,  with  body  erecl,  legs  extended,  arms  6exed,  and  th-  mr 


for  a  prize,  public  money,  or  admiJiaioD  laoDey  ;  nor  has  ever,  at  any  period  of  his  lifs. 
taught  or  assiBted  in  the  pursnit  of  athletic  exeroues  as  a  means  of  livelihood ;  not  Is 
a  mecbanto,  artiuui,  or  laborer." 

'  Aa  Athletic  Directory,  publiKhed  by  H.    P.    WUkiuMD.   in   Modem   AtJ 
Loadoa,  1877,  (fives  the  addrenea  of  547  athletic  asaociattoD*  wbiob  ^o\^  asuoal  i 
iugn  iD  variouH  jMurta  of  the  world.     The  list  is  adinitt«dly  Iaoompl»t«,  bat  it  i 
vtry  Htrildogty  ihc  rem&rkublc  extension  of  thin  movemeat. 


I 


\ 


frathcrctl  for  itK  baf^kwaril  sweep,  the  first  nction  ift  a  onnipoutHi  ortt!,  and 
innsisUof:  (1)  a  forwanl  nioveiiuMit  of  XUa  ftiitiro  bo*1y  uloiig  witli  tlie  slitt- 
ing BCftt,  tho  lower  Iiinb8  being'  at  tlie  satne  time  fully  tloxeil;  ('i)  tloxioii 
of  the  trunk  upon  the  lower  e.\trentitieB;  and  (3)  extension  of  the  arms  to 
tbp  fullest  posaiblt^  lenji^th.  The  fonvaixl  aliding^movenient  is  effected  by 
the  action  of  the  po/tierior  j'etnortU  muscles  aided  by  the  ejrtentfor  inusclcs 
of  the  foot;  the  trunk  is  flexed  chiefly  by  the ^tfKW  and  /7«<''«rf  nmtw-les, 
bat  in  j>art  also  by  the  ttarivrtttJi,  tetiaor  voytmv  J'cmorh  ami  rtcttui 
J't>norU;  while  the  complete  extenstou  of  the  anns  is  aceomplislied  by  the 
MrratuA  tiui^jmts  and  firctornlU  motor  muscks,  which  draw  the  scapiihc 
forward  and  ilownwiird  tnwanl  rhn  side  of  the  chest,  and  by  the  fi'irtjtit 
and  tmcvfietat,  which  extend  the  forearm.  These  movements  involve  but 
a  trifling'  expenditure  of  force,  and  are  merely  preliminary  to  the  effective 
part  of  the  stroke,  which  begins  as  the  oar-blado  enters  the  water. 

The  propulsion  of  the  blade  through  the  water  is  effected  by  throe 
princiiMl  movements,  via.:  (1)  Erection  of  the  trunk  to,  or  slightly  bc- 
jroiid,  the  vertical  position;  (*-2)  a  backwani  moveinunt  of  the  entire  body, 
produced  by  forcible  extension  of  tho  lower  extremities;  and  (3)  retraction 
of  the  shoulder  and  flexion  of  the  arms.  In  the  Oxford  system  these 
movements  are  consecutive.  Thus,  the  sliding  motion  does  not  l>eg:in 
until  a  tinn  hold  of  the  water  has  been  obtained  by  tho  erective  movement 
of  the  trunk,  and  the  arms  arc  kept  fully  extendetl  until  the  latter  motiou 
is  complete^}.  Whether  this  method  1ms  the  advantapi^^s  claimed  for  it, 
experience  alone  must  decide;  but  it  seems  reasonable  to  snpposc  that  tho 
niuwles  will  act  to  better  advanta^  if  they  ai-o  i-onsecutivcly  i-alher  than 
«Uuul(aiieonsIy  engaged.  The  muscles  chiefly  concerni'd  in  the  above 
rftiovements  are:  (1)  The  fffittri,  and,  to  a  much  less  degree,  the  erector 
^inif,  by  which  the  trunk  is  raised  to  the  erect  position;  {'I)  the  t/naf/rii*.'*j%^ 
rxtfnsor  nrurif  ami  the  Jfrj-or  muscles  of  the  foot,  by  which  the  lower  ox- 
Irvniitieoare  fort^ibly  extended;  and  (3)  the  tnt/itzitin  and  the  r/n>niboidei, 
which  replace  the  scapula*,  the  UtiU^tmn-A  dorsi  and  the  jyt'ctoralh  nwjor^ 
which  draw  the  humerus  down  to  the  side  of  tho  clmst,  and  the  hioeps  and 
tftitrhuilU  (/«^t''(M,  by  which  the  arms  are  flexed.  At  the  completion  of 
the  stroke  tlie  oar  is  withdrawn  from  the  water  and  feathered  by  a  rapid 
ejitension  of  the  wrist  by  means  of  the  extctutor  f^arpi  rftriiftlis  lottffior  and 
ftrrr/oc  and  the  e^Uj/isor  Cftrpt  nhiari^.  The  ttf/tfomitial  mtuide/t  &re  also 
engaged  (a)  jn  steadying  the  abdominal  viscera  against  shock,  (b)  to  a 
slight  extent  also  in  flexing  the  thorax  on  the  pelvis,  and  (c)  in  antagoniz- 
ing the  action  of  the  erector  spinie  and  glutei  in  drawing  the  trunk  too 
far  backward.  Several  small  muscles  are  likewise  engaged  in  the  above 
movements. 

Jt  will  be  seen  from  this  analysis  of  the  muscular  movements  in  rowing 

that  the  main  work  is  done  by  the  gltUel  and  qnfulru'ep^  extensor  muscles, 

a  subordinate  part  only  being  taken  by  the  erector  spina"  and  calf-muscles, 

while  the  arms  are  but  slightly  tnxt*(l,  as  they  are  not  t'Hllc<l  into  action 

until  the  oar  has  leached  a  right  angle  with  the  boat — that  is,  not  until 

utter  the  most  artluous  portion  of  the  stroke  has  been  complete<l. 
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Th«  foUowiDg  are  the  most  itnport&nt  advantagea  aiforded  b;  sliding  a«  oompinAl 
with  fixed  seftta ;  incTt/Med  length  of  stroke,  distribution  of  the  leork  amort ff  a  ffnaUf  \ 
uumbgr  of  museie*,  and  greater  ease  in  breathing.     With  lb»  fixHd  seat,  the  tnuk  tor 
npon  b  flxod  oxu  mnning  through  the  hip-jointa,  the  logs  b«iDg  emplojed  tntrre)/  In 
maiDtftining  the  axis  in  a  stationar}-  pooition ;  with  the  Blidiog  eeat,  on  the  other  hand, 
the  axia  niomH  with  the  aoot  and  girea  the  rower  a  longer  reach,  thercbr  reodennf 
fewer  stroke!  neeenaar/  for  the  samo  rate  of  speed.     A  greater  expeoditore  of  fom  H  j 
to  b«  sure,  required  for  ea^h  iitroke,  hut  this  demand  is  met  hy  moaoles  which  a 
acaicelj'  excroiaed  at  all  with  the  fixed  aeat,  \'iz.,  the  powerful  quadrioepe  extaoMt  j 
cruria.  and.  to  a  leas  degree,  the  flexor  moeclet  of  the  foot^     The  chief  adTaoUge  otl 
alidisg  xeats  ooniigte,  however,  in  the  gr«at«r  e«M  with  wbieh  respiration  is  carried  oOr  t 
as  the  ribs  and  abdomen  eeoape  the  oompreesion  which  attends  the  extreme  dexioo  of 
the  trunk  neoeesuy  with  the  fixed  aeat. 

Efficient  Bs  this  style  of  rowing  is  in  securing  a  high  rate  of  speed,  it 
certaihiy  does  much  less  to  develop  respiratory  power  than  was  accom- 
plished by  the  old  system,  in  which  more  work  was  done  with  the  arms — 
and  in  a  boat-race  respiratory  capacity  is  even  more  important  than  ma*>1 
cular  power.     The  conditions  of  respiration  in  rowing  at  speed  are  differ- 
ent from  those  of  any  other  form  of  active  exercise.     The  breathing  is 
regulated  by  the  frequency  of  the  stroke  (36  to  40  and  upward  per  minute) 
rather  than  by  the  demands  of  the  system,  while  the  complete  expansion 
of  the  chest  is  prevented  by  the  position  of  the  arms.     After  each  hurrie^i 
inspiration,  moreover,  the  breath  is  held  during  the  stroke,  to  be  followed  by 
an  equally  hurried,  instead  of  the  normally  gradual,  expiration.      Lot  this 
rapid  and  incomplete  breathing  be  continued  through  a  four-mile  race,. 
with  the  heart  contracting  violently  110  or  more  times  a  minute  to  supply] 
the  muscles  with  blood,  and  wo  have  all  the  conditions  necessary  for  a 
profound  disturbance  of  the  pulmo-cardiac  equiltbruim,  unless  the  heart 
and  lungs  have  been  carefully  trained  for  the  unusual  work.     Now,  ctt^rU 
j.HiribuA,  th&i  system  of  rowing  will  develop  the  greatest  respiratory  power' 
which  gives  most  vigorous  employment  to  the  muscles  of  the  chest,  as  it  is 
usually  found  that  the  dimensions  of  the  thoracic  cavity  increase  just  in 
proportion  as  tlie  muscles  of  the  arms  and  chest  become  larger  and  stronger. 
Not  that  we  advocate  a  return  to  heavy  boats  and  ann-rowring,  although 
we  are  satisfied  that  Mr.  Maclaren  Ls  correct  in  his  assertion  that,  while ' 
rowing  has  advanced  as  an  art,  it  has  deteriorated  as  an  exercise; '  still 
it  is  imporlHut  that  this  serious  defect  of  the  modem  style  should  ba  , 
fully  recognized,  and  corrected  by  the  employment  of  other  exercise*  to  I 
secure  proper  tlioracie  devt^lopment.      (See  Iat<^r,  under  *' 7V«itti/i^.") 

As  the  chief  strain  in  boat-racing  falls  upon  the  heart  and  lungs,  the 
question  of  respiratory  capacity,  in  the  selection  of  a  raoing-crew,  beoomafti 
even  more  important  than  the  question  of  merely  muscular  power.  For- 
tunately, a  good  muscular  development  Is  usually  associated  with  a  spa- 
cious chest  and  vigorous  heart;  but  this  is  by  no  means  always  the  oaM»,i 
and  to  neglect  a  careful  examination  upon  these  points  is  needlessly  to 
court  disaster.     Among  the  contm-indications  which  should  debar  from  i 
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position  on  a  rmoing-crew^  may  bo  mentioned:  a  amall  |?irth  of  chest  (J>elow 
inches),  the  existence  of  a  marked  family  tondf^ncy  to  pulmonary  or 
rcardiac  disea.-»c,  or  tlie  previous  history,  in  the  individual  fatmself,  of  any 
alfflction  by  which  these  organs  may  have  been  weakened,  and  early  age 
in  connection  with  rapid  growth  and  uuusual  haight  ot  the  body.  The 
Utter  point  desenes  more  careful  attention  than  ia  usually  given  to 
it.  Even  at  a  mature  ag^e,  very  tall  men  are  generally  deficient  in 
st&mlna^  as  has  been  repeatedly  demonstrated  by  the  experience  of  the 
armies  of  Great  Britain  and  this  country;  while,  below  the  age  of  twenty, 
it  will  very  commonly  bo  found  that  the  loosely  knit  frames  of  such  indi- 
viduals, although  sometimes  presenting  the  appearance  of  great  muscular 
strength,  are  Incapable  of  prolonged  excessive  exertion. '  In  the  case  of  mea 
who  have  had  some  boating  experience,  the  best  of  all  tests  for  respiratorj' 
power  is  the  effect  of  one  or  two  sharp  pulls.  <)ne  of  Dr.  Morgan^s  corre- 
spondents (op.  oit.,  p.  308)  writes:  "  If  a  man  can't  stand  a  slmrp  practice,  hn 
can*t  stand  a  race;  and  I  never  felt  any  difHcutty  in  making  my  selection 
where  there  was  staple  enough  to  select  from.  1  had  a  good  look  at  my 
man  as  he  got  out  of  the  bofU.  If  a  man  dropped  his  head  and  held  his 
sides,  and  could  not  speak  for  a  minute  or  two,  and  showed  continuance  of 
distress  after  the  effort  was  over,  out  of  the  crew  went  he,  as  certain  as  I 
had  charge  of  it.  If,  on  arrival,  he  could  laugh  and  rump,  and  jump  Ingli 
over  a  boat-hook,  or  square  up  for  a  right  and  left,  he  was  *one  born  to 
the  giant,'  the  right  sort,  and  no  mistake;  a  man  who  would  repay  the 
trainer^s  trouble,  and  do  a  good  eighth  part  of  the  work."  \N*ith  men  who 
are  unaouustomed  to  rowing,  and  to  whom,  therefore,  the  preceding  teat 
would  be  inapplicable,  a  fair  estimate  of  the  respiratory  capacity  may  be 
made  with  Holden's  siren  pneumatometer,  which  gauges  the ^orcc  exerted 
by  the  respiratory  muscles,  and  thus  affords  more  reliable  indications  than 
can  be  obtained  by  the  spirometer.' 

As  an  exercise,  especially  for  young  men  at  an  age  when  the  frame 
is  still  flexible  and  capable  of  considerable  expansion,  rowing  presents 
many  advantages.  It  calls  into  action  more  muscles  than  are  engaged 
in  almost  any  other  form  of  athletic  exerciae,  and  ia  practised  under  hy- 
gienic surroundings,  and  with  a  degree  of  pleasurable  excitement  that  add 
materially  to  its  sanitary  value;  while  the  strain  upon  the  respiratory  and 
circulating  systems,  evi^n  in  Ixjat-racing,  is  no  greater  than  can  be  safely 
borne  by  healthy  young  men,  if  the  rules  of  training  have  been  carefully 
followed.     From  numerous  sphygmographic  observations  upon  the  mero- 


'  At  our  own  uniTendties,  where  boating  has  been  long  pr&ctised,  selectioas  for 
racing-crews  m  onially  mode  with  good  judgmcoC;  bat,  at  a  nvoent  important  mgutta, 
the  dafeaied  boat  contained  a  jouth  rightetn  years  of  age  and  »U  feet  two  inchen  is 
befgfaft! 

'See  Amerioau  Joamal  of  Horlical  Sciences,  April,  1877:  New  tnveftiigntions  in 
BasptfalOTy  Fatbolog7,  by  Edgar  Ilotdea,  H.D.  Tbts  ingenious  inBtnitnent  contistaaf 
a  glass  cylinder,  nine  and  abalf  inches  tongand  one  inch  in  diameter,  oontainiogasiren 
atbLcbed  to  a  npiral  KpriDg.  An  imlex  |il:)c»d  in  fruut  uf  Lbu  titrttn  records  C>ba  maxi- 
mum power  oaed  in  Inspiration  or  expiratiou. 
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bera  of  an  Kii^lii«)i  iinivt^rbity  racing-cruw,  both  lieforu  and  after  thoir 
sharp  practice  pulls.  Dr.  Fraaer'  draws  ilie  following  ooiiclusioiis  :  that 
1  he  arterial  teiitiiuii  Is  diintitished  in  uonsequencu  uf  dilatation  of  the  blocxi- 
vgssoIb;  that  tlu?  lurart  propels  a  largu  stream  of  blood  during  oach  ven- 
tricular contraction,  so  as  to  fully  distend  the  arterial  system,  notwith- 
standing itii  dilated  condition;  and  that,  finally,  thero  is  no  evidence  that 
the  amount  of  blood  propellinl  into  the  artcrlcH  during  each  ventricular 
contraction  is  greater  than  can  freely  pa»u  into  the  veins.  He  adds:  *'  It 
IB  obvious  that,  in  the  great  majority  of  functional  and  organic  di^oaaes  of 
the  vavoulur  8yst<Mn,  the  curidilion  stiown  by  the  traciiigi*  could  not  pos- 
aibly  be  maintained.  The  subjects  of  these  diaeaaes  are  therefore  com- 
pletely incapacitated  from  vivUnt  rtjwing  exercise,  and  cannot  be  in  a 
position  to  be  injured  by  it.  It  is  possible  that  the  presence  of  incipient 
fortna  of  disease  uf  the  vaMsular  system  may  not  altogether  prevent  such 
exercise  from  being  undertaken;  but  I  believe  that  all  such  diseaaes  may 
be  detected  by  the  use  of  the  sphyginogra]>h  in  liuie  to  pi-event  further 
mischief.** 

"To  the  question,  '^Vhat  Is  Training,  and  what  is  it  meant  to  do?' 
I  woidd  answer,"  Bays  Mr.  Maclareii,'  "  it  is  to  put  the  body,  with  ex- 
treme and  exceptional  care,  under  the  iutiuence  of  all  the  agents  which 
promote  its  health  and  strength,  in  order  to  enable  it  to  mct^t  extreme 
and  exceptional  deniatKls  upon  itK  energies."  A  strict  adherence  to  this 
deHiiitioii  would,  of  course,  obviate  the  objection  connnoidy  ui^ed  to  a 
course  of  training,  viz.,  that  it  tends  to  prematurely  exhaust  the  stock  of 
vital  force,  ur  at  least  to  place  the  individual  in  a  condition  of  "morbid 
imminence.**  In  point  of  fact,  however,  a.s  training  is  eommonly  prat;- 
lised,  it  too  often  puts  ».he  body  under  the  intluence  of  agents  which  (io 
7Jo£  promote  its  health  and  strength,  but,  ou  the  contrary,  directly  tend 
to  exhaust  its  energies.  Nor  is  it  surprising  that  this  should  be  the  ease 
when  it  is  considered  that  modern  training  originated  with  professional 
watermen  and  pugilists,  who  were  grossly  ignorant  of  llie  most  elemen- 
tary principles  of  physiology;  and  that  although  great  impruvoments  ui 
the  system  of  training  have  Iwcn  made  of  lato  years,  certain  errors  am 
still  clung  to  with  an  obstinaey  that  would  seem  remarkable,  were  it 
not  paralleled  by  the  j}Qr8istenee  with  which  maity  other  traditional  mis- 
ronveptions  of  the  laws  of  health  retain  their  hold  upon  the  popular  mind. 
fiMime  of  these  errors  will  engage  our  attention  in  the  foliowin^  very  brief 
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'  The  Effect')  of  Rowing  on  the  Ciroutailon,  aa  shown  b;  Examination  with  the 
Bpbygmograph,  by  Thomas  It.  Pnwer,  M.D..  JouruiU  of  Anatomy  and  Physiology^ 
Nov.,  1868. 

'  Of  the  DutneroaB  treBliiws  on  this  subjcot.  Madarcn's  work  on  Training  (op.  ott.  \ 
il  by  far  the  bciit.  and  shoald  be  in  thn  hands  of  all  yonnjs  men  eogaged  in  athl«tio 
exercises.  See  also  Exercise  and  Training:  their  Effecu  upon  Health,  U.  J.  Lee, 
M.D..  London.  1873;  Athletic  Troiuiog  and  Ueallh,  Joha  Ilarriaon,  M.R.C,S..  Lm- 
doo,  1800;  and  Dr.  Moron's  University  Oars  (op.  ciC.,'. 
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UMMUaioii  of  our  bubjeot  ;  at  the  same  time  it  must  be  borne  in  mind 
tlml  it  is  always  difficult  to  regulate  so  dolicato  an  organization  as  the 
human  Ixxly  by  fixed  rules,  liowcvor  correct  they  may  be  in  their  general 
sppltcatinti.  Kor  numerous  details,  which  itannot  be  given  here,  the 
reader  is  referred  to  the  excellent  treatises  alreariy  mentioned.  \S*e  shall 
be  obliged  to  limit  our  romarks  chiefly  to  training  as  jiractised  in  connec- 
tion with  amateur  boat-raeing. 

(a.)  /duration  of  TVtiinhif/. — A  moment's  consideration  of  the  work  to 
be  accomplished  in  prcpai-iiig  young  men,  who  have  been  leading  more  or 
less  sedentary  lives,  for  the  severe  and  long-continued  exertion  involved 
in  a  hotly  contested  boat-race,  will  show  the  importance  of  time  as  an 
element  of  training.  Uesides  the  necessary  acquisition  of  dexterity  in 
the  complicated  movements  of  the  stroke,  organic  changes  must  be  ef- 
fected ;  the  muscles  are  to  l>e  slowly  built  up  and  improved  in  tone,  the 
lungK  enlarged,  aud  probably  new  air-cella  fonned,  while  the  he^rt  is  to 
l>o  educated  to  rapidly  contract  upon,  and  the  blood-vesaeU  to  carry,  an 
unusually  largo  volume  of  blood.  Moreover,  these  changes  must  be 
brotight  about  ffr/Kftinlii/^  so  as  at  no  time  to  overtax  the  organs  in  ques- 
tion. To  attempt  to  force  the  process  of  development  within  the  limits 
of  a  few  weeks  is  to  inoar  the  risk  of  the  breakdown  known  as  "  over- 
training;" indeed,  the  danger  of  this  result  is  far  greater  from  a  short 
oounw  of  severe  training  than  from  a  properly  graduated  one,  however 
proIonge<l. 

(b.)  Heduction  of  weight, — Under  this  general  head  may  be  considered 
several  very  comuion  errors  of  training,  based  upon  the  popular  belief 
thai  with  most  men  the  j>erfect  action  of  the  muscles  is  impeded  by  the 
presence  of  superfluous  solids  and  water,  and  that  to  rid  the  body  of  this 
surplus  is  one  of  the  most  important  objects  of  training.  Fat,  particu- 
larly, is  the  hi-te  noir  of  rowing  men  ;  in  the  form  of  '*  internal  fat  "  it  is 
supposed  to  clog  the  lungs,  and  thus  produce  the  "  loss  of  wind  "  which  is 
ex]wrien<wd  on  commencing  training.  To  drive  out  this  enemy  of  good 
breathing,  running  with  heavy  clothing  is  resorted  to,  under  the  impression 
that  the  fat  is  melted  by  the  increased  temperature  of  the  body,  and  elimi- 
nated through  the  skin  along  with  the  copious  perspiration.'  ]n  order  to 
maintain  the. reduction  in  weight  which  is  thus  ePFected  by  free  perspira- 
tion, the  allowance  of  water  is  often  rcatrioted  to  the  lowest  possible  limit. 
This  practice  is,  to  be  sure,  less  common  now  than  formerly  ;  but  by  most 
trainers  water  is  still  regarded  as  a  sort  of  necessary  evil,  which,  to  say  the 
least,  requires  careful  8U|>ervision.  Nor  is  it  difBcult  to  see  how  the  abfive- 
mentioned  errors  originated.  The  English  watertnen  and  pugilists  of  fifty 
years  ago  were,  as  a  class,  free  livers  and  beavy  beer-drinkers  when  off  train- 
ing, and  with  them  the  reduction  of  accumulated  fat  and  fluids,  by  active 
exercise  and  forced  perspiration,  wasoftenanocessary  preliminary  to  putting 
the  tissufM  into  proper  condition.    Among  young  men  of  temperate  habits, 

'  The  writer  has  been  ut  aomc  pains  to  a*c«rtain  how  commoDt}'  tbU  oi>jaiou  in  en- 
tertained iiinoug  persoiu  who  aobjeot  tbeinseWas  to  courise&  of  training,  and  ba«  nirclj 
foiuid  anjr  one  who  did  Dot  rsKsid  it  »■  an  orthodox  tenet  of  traiuin^. 
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however,  a  tendency  to  obesity  is  certainly  unoommoD,  at  least  in  this 
country,  although  there  is  frequently  a  small  amount  of  subcataneoos  fat, 
the  removal  of  which  may  perhaps  g^re  freer  play  to  the  muaclea.  Tbii 
fat  is  gradually  removed  during  a  course  of  active  exercise  by  the  natonl 
processes  of  oxidation  and  elimination  chiefly  through  the  lungs  ;  but,  if 
the  training  be  cautiously  conducted,  the  weight  thus  lost  is  usoallr 
nearly  or  quite  restored  by  the  gain  in  the  muscles  and  other  tissues.' 
A  slight  reduction  of  weight  is  effected  also,  at  the  outset  of  training, 
by  the  change  from  an  ordinary  diet  to  one  still  more  highly  nitn> 
genous.  The  experiments  of  Bischoff  and  Voit'  on  animals,  and  of  J. 
Ranke  *  on  man,  show  that,  independently  of  exercise,  the  effect  of  an 
increased  consumption  of  nitrogenous  food  is  not  only  to  eliminate  a  por- 
tion of  the  fat  of  the  body,  but  also,  for  a  time,  to  increase  the  discharge 
of  water  above  what  is  taken  in,  the  tissues  thus  becoming  more  solid 
and  firmer  in  texture.  While  there  appears  to  be,  therefore,  a  naturtl 
tendency  to  a  slight  reduction  of  weight  early  in  a  course  of  training  u 
a  result  of  altered  diet  and  active  exercise,  there  is  also  a  natural  tenden- 
cy to  gain  in  weight,  arising  from  the  larger  amount  of  food  consumed 
and  the  increased  vigor  of  the  assimilative  processes,  so  that  any  consid- 
erable permanent  reduction  in  young  men  with  a  moderately  developed 
panniculus  adiposus  may  very  generally  be  regarded  as  an  evidence  of 
faulty  training. 

(c.)  As  regards  watety  the  only  restriction  needed  is  as  to  the  mode  of 
ingestion^  since  the  total  quantity  required  for  each  day  is  best  regulated 
by  the  demands  of  the  system.  The  sensation  of  thirst  is  a  proper  guide, 
however,  only  when  correctly  interpreted.  The  distressing  thirst  which 
is  often  experienced  during  and  shortly  after  severe  exercise,  particulariy 
in  warm  weather,  arises  only  in  part  from  the  large  loss  of  water  through 
tlio  luri^s  and  skin  (see  p.  323);  the  main  element  in  its  proiluotion  \s 
generally  a  parclied  condition  (if  the  buccal  and  pharyngeal  mucous  niem- 
brane,  induced  by  rapid  hreathin'^  through  the  mouth.  This  purely  IwiJ 
Hcnsation  sliould  be  first  relieved  by  thoroughly  rinsing  the  inuuth,  or  by 
chewing  a  bit  of.lumon-  or  orange-peel  to  stimulate  the  secretions,  and  tlieii 
frequent  moderate  draiiglits  of  water  may  be  taken  until  the  general 
tliirst  is  entirely  allayed.  13v  this  means  the  danger  of  shork  to  the 
stomach  from  the  introduction  of  a  large  quantity  of  cold  water  is  avoided, 
wliile  the  resturatiuii  of  water  to  the  blood  and  tissues  is  effected  gradu- 
ally. The  same  rule  will  apply  also  to  the  use  of  water  during  the  period 
of  exertion  when  the  latter  is  long  continued,  as  in  feats  of  pedcstrianism. 
Small  draughts  of  water  at  such  times  are  entirely  unobjectionable, 
whereas  copious  drinkinj^,  besi<les  being  open  to  the  above  objections, 
tends  to  distend  the  stomach  and  interfere  with  the  free  action  of  th<^ 
diajjliragin.     It  is  easy  t(j  see  how  the  injuries  which   sometimes  result 

'  This  remark  applien  onljr  to  training  during  cool  weather.     In  summer  mo<tt  raea 
lall  off  B  little  in  wcij^ht  during;  training,  eren  when  in  good  condition. 
-  Die  Gesftze  der  Erniihrung  dea  FleiachfreaaerB,  I860. 
■  Arcbiv  f.  .\niit.  «;tc..  1H«2.  p.  :ni . 
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from  neglect  of  these  simple  precautions  should  have  ^ven  rise  to  the 
opinion  entertained  by  many  trainers  and  experienced  travellers,  that 
water  is  a  poison  during  arduous  physical  exertion.  In  the  French  army 
the  raen  when  on  a  man^h  are  allowed  to  relieve  thirst  only  by  holding 
water  or  by  carrying  a  bullet  in  the  mouth.'  The  folly  of  such  a  practice, 
und  the  still  greater  folly  of  k*^e{>irig  men  habitually  thirsty  <luni)g  train' 
ing,  is  apparent  when  we  consider  that  the  withdrawal  of  a  eonsiderable 
amount  of  water  from  the  blood  involves  dehydration  of  the  tissues,  and 
that  the  muM^lea  rapidly  lose  contractile  power  when  their  normal  per- 
centage of  water  (75  ])er  cent.)  is  much  reduce*!.' 

(d.)  N^aiure  and  umount  of  exercise. — We  have  already  seen  that  while 
vigorous  respiratory  power  is  indispensable  to  the  rower,  rowing  itself 
cultivates  this  power  only  imperfectly,  on  account  of  the  fixed  position 
Hiid  iiirorn]>h'te  ex^jitision  of  the  cheat  during  the  pxercise.  To  retnedv 
this  deficiency  no  auxiliary  exercise  Is  so  useful  as  mnning.  By  it  the 
lungs  ore  freely  expanded  under  normal  conditions,  and  the  capacity  of 
The  chest  is  enlarged  in  proportion  to  the  gi-owth  of  its  contents,  while  at 
the  same  time  muscles  are  called  int«  action  whicli  are  unemployed  in 
rowing,  thus  securing  an  equal  deveiopment  of  the  muscles  of  the  lower 
extremities.  Upon  the  gcnernl  value  of  running  as  an  aid  to  rowing  all 
authorities  are  agreed,  bnt  there  is  by  no  means  the  same  unanimity  with 
regard  to  its  practical  utility  in  short  courses  of  training,  ur  in  longer 
rourses  toward  the  close  of  the  training.  The  objection  cfMnmonly  urged 
against  it  in  these  connections  is  that  it  "takes  too  much  out  of  a  man,** 
when  added  to  the  hard  work  done  in  rowing.  Mr.  Maclaren  (op.  cit.) 
>'igorou8ly  combats  this  objection  on  the  ground:  (1)  that  the  fatigue  ex- 
perienced after  rowing  is  chiefly  respiratory,  and  is  therefore  no  test  of 
the  actual  muscular  work;  and  (2)  that,  in  point  of  fact,  the  amount  of 
muscular  work  performed  in  rowing  at  speed  is  by  no  means  considerable. 
In  evidence  of  the  latter  statement  be  gives  the  results  of  calculations 
made  by  Professor  Haughton,  of  the  University  of  Dublin,  to  demonstrate 
the  force  employed  in  the  prtjpulsion  of  an  eight-oar  boat  at  racing  speed 
(one  mile  in  seven  minutes),  and  compares  this  result  with  the  work  done 
in  walking  the  aame  distance. 

The  work  done  per  man  in  rowing  one  mile  at  racing 

speed  is 18.6G  foot-tons. 

The  work  done  by  one  of  the  crew  weighing  158  lbs.  in 

ncing  costume,  walking  one  mile,  would  b« 18.62 


<(• 


'  Parkers  Practical  Hygiene,  1878,  p.  418. 

>  Altbongb,  as  before  remarked,  the  severe  restrictions  formerly  practised  upon 
tbii  point  are  now  voiy  ^^erally  discarded,  several  loBtancCfl  have  reccDtl;'  oomo  co 
the  vritar^B  knowledge,  which  ghow  that  the  old  fear  of  water  dnriag  training  has  not 
entirelj  dia^ipeared  from  aililAtic  circlAH.  lu  one  of  theito  iniit&noeii  a  radug-cTew 
waa  k^M  en  saofa  a  small  allowance  of  water  in  warm  weather,  that  during  practice- 
pnlli  the  men.  while  renting  on  their  oar^,  wonld  sometimes  dip  np  the  salt-water  in 
tb«ir  haudn  and  driiJc  it  to  lellove  the  tormenting  thirst ! 

'Op.  ciL,  p.  217. 
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The  above  roinpariaon  is  clearly  inialcadinf^^  unices  vc  take  mtoacooum 
tlio  rate  o/it?orA\  since  iiuwoiitMr  fiiti^uo  fk-ijvnds  fully  as  much  iifton  this 
factor  as  upon  the  anututit  of  work  aocoinplislietl,  sh  measured  by  foot- 
tons.  A  mile  walked  at  a  leisui-ely  gait  hardly  doaerves  to  be  i-aUed  t-x- 
orcisc,  but  if  the  speed  be  ineroased  to  a  mile  iu  seven  minutes,  the  muscu- 
lar exertion  becomes  very  severe.  Moreover,  it  is  to  be  borne  in  mitiH 
that  the  actual  racing  speed  for  an  eig-htniar  boat  is  euTisldt'rably  greater 
than  that  iip<in  which  the  above  calculation  is  based,  and  that  in  training 
for  long-distance  races  (three  to  five  miles)  the  practice-pulls  involve  a  very 
considerably  increased  amount  of  exertion.  Certainly  the  experience  of 
the  men  thcniselvL's  iu  tins  matter  is  a  belter  guide  than  mathematical 
calculations  can  be,  and  the  disinclination  commonly  felt  for  the  morning 
run,  during'  the  period  of  training  when  the  crews  row  twice  a  day,  may 
safely  be  regarded  aa  nature's  warning  against  an  excess  of  work.  In 
tiiis  country,  where  rowing  is  usually  impracticable  during  the  winter 
months,  the  work  of  developing  respiratory  power  by  running  is  generally, 
relegated  to  this  season,  the  continuance  of  the  exercise  during  the  poriwi 
of  full  training  licing  left  optional  with  the  individual  members  of  the 
crew.  Another  point  of  practical  interest  connected  with  the  preparatory 
winter  traini[ig  deserves  a  niomont^a  consideration.  It  Iwing  conceded  that 
one  of  the  chief  objects  of  training  is  to  concentrate  power  in  the  chan- 
nel of  the  muscles  used  in  rowing,  how  is  this  result  best  accomplished? 
Will  the  greatest  cfFeclive  power  of  the  muscles  be  developed  by  a  »inffU 
exercise  whic!i  simulates  as  closely  as  possible  the  movements  of  rowing, 
or  by  a  number  of  exercises  which  shall  give  the  uuiscles  the  tv/rfV</ action 
that  nature  intended  for  them?  In  other  words,  should  the  ncoossarr 
work  at  the  rowing-machines  be  supplemented  by  gymnastic  or  other  ex- 
ercises in  which  the  same  muscles  are  called  into  action  in  a  somewhat 
different  manner?  There  can  hardly  l>e  any  doubt,  it  seems  to  us,  as  to 
the  answer  to  be  given  to  this  question.  A  certain  amount  of  monoto- 
nous repetition  of  movements  is  of  course  necessary  to  acquire  dexterity, 
but  the  more  these  movements  can  be  varied  the  greater  will  be  the  fortv* 
elicited  from  the  muscles  within  a  given  time,  and  coiiscquenlly  the  nion» 
vigorous  their  growth.  We  have  briefly  referred  to  this  point  Ijtcauj*** 
the  opposite  view  is  entertained  by  some  trainers,  who  restrict  the  work 
of  the  winter  months  exclusively  to  running  and  exercise  at  the  rowing- 
macliincs. 

(e.)  Diet. — Little  requires  to  be  said  under  this  head,  as  the  dietary 
now  generally  used  in  training  differs  from  that  of  ordinary  life  only  in 
the  exclusion  nf  all  articles  of  food  that  are  not  easily  digestible,  and  in 
the  more  liberal  allowanoe  of  food,  particularly  of  its  nitrogenous  ©le- 
inenta.  A  word  of  caution,  however,  in  regard  to  the  qtnmtili/  of  food. 
may  not  be  out  of  place.  Fortunately  the  danger  of  over-oating  i*  com- 
monly averted  by  the  good  digestion  that  usually  waits  upon  the  "training" 
appetite,  but  the  danger  is  not  so  remote  as  might  be  inferred  from  the 
little  attention  paid  to  it  by  traiaers.  The  exaggerated  value  which  is* 
attached  to  animal  food  as  a  source  of  nmsoular  power  not  very  infrequently 
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leacU  to  intlulj^cncp  in  this  direction  far  in  oxcoss  of  the  actual  dcmaiidK 
of  the  body.  Such  excels,  instead  of  adding  to  muBcular  powur*  in 
reality  lessens  it  by  withdrun'ing  an  unusual  quantity  of  blond  to  titt' 
digf-fltivo  tract,  and  by  producing  in  a  lessor  degree  the  torpidity  won  in 
the  lower  animals  when  gorged  with  animal  food.  On  the  other  hand, 
over- indulge  nee  in  vegetable,  particularly  Btareliy  and  saccharine  food, 
tends  to  indnec  attaekrt  of  flatulent  dvspeptiia,  aeronipaniod  by  diutcntion 
of  the  stomaeh,  and  the  " shortness  of  wind*'  so  i.-oiniuonly  asoribod  to 
"  internal  fat." 

As  regards  fifroholU'  fthimiunta,  it  is  tiuffietent  to  any  that  the  habitual 
us«  of  ardent  spirits  during  training  hIiouUI  be  ubiiolutely  forbidden,  anri 
that  the  milder  .stimulants,  such  as  light  wines  and  beer,  oven  If  not  di- 
rectlv  injnriouN,  htc,  «>r  nt  leuNt  nhould  be,  nniiecessnry.  Depressed  run- 
dilions  of  the  Ix^dy,  whieli  intiy  aeem  to  call  for  their  Uf«e,  are  generally 
the  result  of  ovcr-triiining,  the  proper  remedy  for  which  is  r(>laxation  in 
the  amount  of  work,  rather  thuti  the  applictitiun  of  a  goad  to  the  flagging 
|>owf>r&.  The  Kngliah  rules  upon  this  point,  which  not  only  allow,  but 
recommend,  the  ni<-Hleratc  use  of  the  milder stimulantH,  are  an  unsafe  guid"* 
for  this  country.  The  braeing  eharacter  of  cuir  eliniHte,'  as  well  as  the 
UKire  highly  ."sensitive  nervous  organization  of  the  American,  render  him 
mueh  leas  tolerant  of  alcohol  than  his  liritlsh  cousin,  and,  therefore,  much 
more  likely  to  be  injured  by  its  use.  M'^e  have  iu>  disposition  to  take  ex- 
trem«>  ground  upon  this  question,  and  are  pt^rfectly  willing  to  admit  that 
a  very  moderate  allowance  of  light  wine  or  thoroughly  fermented  ale  at 
dinner  may  oceasionally  bo  serviceable,  particularly  towanl  the  close  of 
training,  when  men  arc  apt  to  fall  oif  in  condition,  and  yet  are  unable  to 
take  the  relaxation  whi<^h  i.*»  really  requiivd.  Let  .siimulttnts  be  reserved 
for  aueh  emergencies,  but  let  it  Vh;  un'derstood  at  the  same  time  that  the 
CK-eurrenco  of  such  an  emergonoy,  when  due  to  avoidable  causes,  is  evi- 
dence of  a  faulty  training,  and  is  a  virtual  confcasion,  therefore,  that  the 
training  has  failed  in  its  object  of  securing  a  perfect  condition  of  bodily 
health  and  strength. 

Still  less  defensible  is  the  use  of  ^o&f/i*'*o  during  training.  Its  influence 
iifKjn  the  nervous  aystem  in  early  life  is  very  generally  depressing.  Whoro 
the  habit  is  a  confirmed  one,  a  f/rrrduai  abandonment  may  be  necessar>'  to 
avoid  undue  depressittn ;  but,  us  a  rule,  loss  inconvenience  will  bo  experienced 
by  an  immediate  dis<'ontinuance  on  commencing  training.  (_iood  material 
for  a  racing-crow  will  rarely  be  found  among  those  wlio  are  so  addicted  tu 
tobacco  as  to  be  seriously  distressed  by  leaving  it  off  suddenly,  wink-  the 
luonjU  of  the  crew  is  more  easily  maintained  if  no  discrimination  is  allowed 
in  favor  of  partirnlur  inembere.  In  long  courses  of  training,  however,  the 
«ame  slri(;tni>a3  need  not  be  obaerxed  at  the  outlet,  but  a  limit  of  time  may 
be  set  beyond  which  entire  abstinence  should  be  insisted  upon. 

(f.)    Overtraining. — On  aoinc  constitutions,  strict  training,  especially 


'bglub  traTellen  in  tbU  countcy  very  commonly  i>EperieDc«  au  iatoleranw  of  the 
■UnnlaateHo  which  they  are  aocaatomed  at  home. 
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if  long  continued,  exerts  a  dopressing^  influence,  manifesting  itself  in 
of  appetite,  lassitude,  and  often  in  tfae  appearance  of  boils  or  at 
These  Byinptoms  are  sonintimf^it  developed  early  in  training,  but  ni06t : 
quently  toward  the  close  of  the  course,  when  anxiety  as  to  the  result  of 
the  approaching  contest,  loss  of  sleep,  and  perhaps  the  depressing  influ- 
ence of  hot  weather,  are  oooasionally  superadded  to  the  effects  of  orer* 
exertion.  Among  boating  men  the  most  common  situation  of  furuncularj 
inflammations  is  upon  tiie  palms  uf  the  hands  or  the  fundament,  when*  tl: 
skin  is  subjected  to  the  greatest  amount  of  friction,  and  even  a  triJ 
irritation  of  these  parts  is  liable  to  be  developed,  by  continued  exwrcise," 
into  a  diffuse  inflammation  which  entirely  disables  the  rower.  Absolut*- 
rest  of  the  parts,  or  at  least  a  considerable  <lin)inution  in  the  amount  oCJ 
work,  is  indispensable  whenever  such  a  result  is  threatened.  In  les«" 
serious  forms  of  constitutional  depression,  the  administration  of  tonica, 
with  a  moderate  allowance  of  wine  or  Bass's  ale,  may  be  sufficient  to  revive 
appetite  and  restore  strength;  but,  when  these  measures  fail  after  a  shorl 
trial,  a  few  days*  relaxation,  especially  if  accompanied  by  a  change  of  air 
and  scene,  will  generally  produce  a  marked  improvement.  Palpitation 
and  irritable  action  of  the  heart  are  also  of  not  infre<juent  occurrence,  par- 
ticularly at  the  outset  of  the  training.  When  not  due  to  gastric  disorder, 
these  annoying  symptoms  will  generally  be  found  to  depend  upon  mal- 
Hdju«tmont  of  the  work  to  tlie  vital  capacity  of  the  heait.  As  we  have 
already  seen,  one  of  the  chief  functions  of  training  is  to  educate  the 
vascular  system  to  transmit,  with  great  rapidity,  a  very  much  increased 
volume  of  blood.  With  a  healthy  heart,  this  process  of  education  is  un- 
attende<l  with  risk,  so  long  as  the  work  is  regulated  according  to  the 
gradually  developing  power  of  the  organ;  but,  when  an  attempt  is  made 
to  force  the  prtMjess  by  unduly  increasing  the  lalior,  symptoms  of  cardiac 
exliaustion,  such  as  those  described,  will  arl.Ho  in  a  certain  proportion  v( 
cases.  \  temporary  reduction  in  the  amount  of  exorcise,  and,  in  cases  of 
palpitation  sufficiently  annoying  to  disturb  sleep,  the  administration  of 
digitalis  or  aconite,  will  usually  give  prompt  relief. 

(g.)  Cattdonn  to  ht:  nftsrrrfid  on  a}ntii<hminff  trrtiniiu/. — The  flangers  to 
be  apprehended  from  an  incautious  abandonment  of  "  training  "  habits  of 
diet  and  exercise  are  connected  chiefly  with  the  digestive  and  rascular 
systems.  The  temptation  to  indulge  in  indigestible  articles  of  food,  and 
particularly  in  the  excessive  use  of  tobacco  and  alcoholic  stimulants,  is  fre- 
quently very  strong,  and,  unfortunately,  is  not  always  resi£te<l.  Kven 
when  no  such  imprudence  is  committed,  the  same  amowtS  of  food  which 
was  used  iu  traiuing  is  often  continued  after  the  abandonment  of  exerct»e 
has  rendered  it  unneces-sary,  and  thus  the  foundation  is  laid  for  digestive 
disorders.  Again,  the  heart,  which  has  been  gradually  educated  to  un- 
usually powerful  contractions,  and  which,  in  a  long  oourae  of  training,  has 
undergone  a  certain  degree  of  nonnal  hypertrophy,  has  now  to  unlearn 
its  task,  and  to  pass  through  a  stage  of  subinvolution.  That  this  stage 
should  be  made  a  gradual  one  by  continuing  moderate  exercise  for  some 
time  after  training  has  ceased,  can  scarcely  be  too  strongly  insisted  upon. 
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Fortunately,  the  T&scular  8y8t«m  portsesses  a  marvellous  ca}>auity  of  self- 
regulation,  and  with  most  men  the  changes  iti  (question  are  effected  without 
dwturbance,  even  when  no  precaution  is  taken.  But  this  is  not  always  the 
case;  a  sudden  return  to  sedentary  habits  is  sometimes  followed  for  a  time  by 
a  sense  of  oppression  in  the  chest  and  violent  beating  of  the  heart,  due  to  a 
failure  of  th«i  organ  to  adjust  itself  to  the  work  required  of  it.  While  we 
would  not  UDdercstimate  the  harm  that  may  be,  and  often  is,  done  by  iu- 
jadicious  training',  we  are  entirely  satisfied  that  a  large  proportion  of  the 
cases  of  impaired  health  in  after-life,  which  are  ascribed  to  this  cause,  are 
really  the  result  of  immoderate  indulgence  or  of  thoughtless  inattention  to 
simple  hygienic  rules  on  abandoning  training. 

The  same  necessity  for  careful  training  exists  also  in  the  case  of  all 
other  competitive  athletit;  exercises  whit*h  involve  &ii  intense  strain  upon 
the  vascular  system.  This  is  particularly  true  of  running,  whether  in  the 
form  of  racing,  steeple-chasing,  or  in  the  game  of  "hare  and  hounds," 
Notwithstanding  the  greater  freedom  of  the  respiratory  movements  in 
running  ais  compared  mth  rowing,  there  is  much  more  danger  of  over- 
&trai»  of  the  heart  in  a  sharply  contested  foot-race  than  in  boat-racing,  as 
is  shown  bv  tlie  more  frequent  occurrence  of  faintness  or  actual  8ynco[>e 
in  running  matches.  Even  sprint-races  ( 100  to  400  yards),  though  less  try- 
ing than  long-distance  courses,  are  not  exempt  from  this  danger,  as  they 
are  generally  run  through  from  the  start  at  full  speed,  while  the  hundred 
yards  distance  is  usually  finished  in  a  single  ret^piration.  We  have  already 
pointed  out  the  marked  liability  of  professional  pedestrians  to  hypertrophy 
and  chronic  dilatation  of  the  heart.  With  amateur  pedestrians  the  danger 
lies  not  so  much  in  this  direction  as  in  the  production  of  acute  dilatation 
or  rupture  of  a  valve  by  a  single  intense  effort,  or  else  in  the  development 
of  obstinate  functional  irritability  by  too  frequent  repetitions  of  the  exer- 
cise. The  best  safeguard  against  these  risks  is  a  carefully  graduated 
coarse  of  preparatory  training.* 


'  The  following  record  of  a  few  of  the  bent  pcrfomuuioes  in  walking.  ninniDg.  and 
jninping  (compiled  to  JaDuai7  1.  1879)  ma;  be  of  interest: 

Waucimg. 

Bj/  ProftMionaU. 
One  mile  in  8  min,  28  sect,  by  W.  Perkins.  June  1,  1874,  England. 
T«n  miles  in  1  hoar  15  min.  58  sees.,  by  W.  Perkins.  July  16.  1877,  Enpland. 

By  Amataun. 
One  mile  in  6  min.  44i  sees,,  by  T.  U.  Armstrong,  Oct.  20. 1877.  Xew  York. 
Ten  mile*  in  1  bonr  20  min.  .37  seca.,  by  F.  Pace,  March  11,  166.*).  Loadon,  Eng- 
buid. 

Ruxwrao. 

^  Pro/eatiotiak. 

100  yards  b  Hmob.,  ^7  0.  Seward.  U.  S.  America,  Sept.  30,  1844,  Hammeismltb. 

England. 
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Boforoctmcludriig-oiir  brief  consideration  of  i)ip  danpcroug  sidpof  ath- 
letic t*jx>rt»,  H  word  of  iMintion  »ecii)s  <lc.siraMe  with  regard  to  the  game  of 
fodt-ball,  which  has  spniiig  into  sudden  poputarity  in  this  country  within  tb-' 
past  live  years.  Muth  may  he  sfti<i  in  its  favor.  It  affords  vigorous  exer- 
cise to  a  large  number  of  muscles,  without  demanding  extreme  exertion; 
it  is  inexpensive,  and  hence  it  is  available  for  all  elasses;  and  furthermore, 
il  tnaeheo  the  valuable  lesson  of  strict  discipline,  roneerted  action,  andJ 
presence  iif  mind  in  the  midst  of  intense  excitement.  On  the  other  hanj, 
the  game  is  a  very  rough  one,  and  exposes  the  player  to  the  rislc  of  serioui 
accidents.  In  the  reign  of  James  I.  the  game  was  regarded  as  so 
dangoroiiB  to  the  limbs  of  his  Majesty^s  subjoot*  that  il  was  prohibited  by 
law,  and  although  the  game  as  now  played  in  England  is  much  less  hazard- 
ous than  it  was  at  that  time,  the  annual  list  of  foot -ball  aocideots  id  that 
country  is  a  fonnidable  one.'     The  American  game,  so  far  as  it  is   at 


Hair-mile  io  1  min.  584  >«»-.  bv  F.  Heirttt,  Sep.  17.  1871.  Lyttlelon.  Auatralia 
One  mile  in  4  min.  17^  sees.,  by  W.  niohards  ami  \\.  t'lu)^,  Ang.  Id,  lt*OR.  tffto 

Chester,  Enj^and. 

Ten  milex  in  51  min.  30  mc«.,  hj  L.  Bennett.  CattanugUA  Indtnii.  April  3,  1B>M 

Brompton,  England. 

Bff  Amateun. 

100  yards  in  10  sees.,  by  W.  C.  Wilmer.  Oct.  12,  1878,  Mott  Haven,  New  Tork. 

Half-mile  in  I  min.  371  sea*.,  by  F.  T.  Elborough,  Oot.  7.  1876.  Lillie  Bndgi* 
Ground,  England. 

One  miie  in  4  min.  ^  sec.,  hj  W.  Blade,  June  19.  197R.  LOlle  Bridge  acouod, 
England. 

Ten  milea  in  M  mio.  40  seca,  by  J.  Gibb,  Nov.  17. 1877,  London,  Eagiand. 

JncriRo. 

Bff  PrnfemoJuiU. 

Running  wide  jump  with  dumbbellii,  29  feet  7  incliefl,  bj  J.  Howard.  SIs^t  9.  1854, 
Chester  Kacc  Coiimc.  England 

Bunoiug  widu  jump,  S.'i  feet  4  incbeB.  by  T,  Carmlhere.  July,  1R71 .  Lovmn.  ScoUaod. 

SUnding  wide  jump,  13  feet  10  inches,  by  J.  Deao.  &ept  19.  \9Td,  Oil  Cilir. 
Pennsylvmuia, 

RiinuLQg  high  jump,  ii  feet  11  inches,  by  E.  Tardy,  Aug  87,  1868,  Bayden  Baotj 
Connw,  Kngh-id. 

Running  high  pole  jump,  10  feet  1(4  inches,  by  O.  Kuflgrove.  Aug.,  1806,  Coofcor-'^ 
mouth,  Kugland. 

B^  Amatfun. 

Rnnntng  wide  jump.  23  feet  U  inehea,  by  J.  Lane.  Jujie  11,  1H74.  Dublin,  IrelamL  ^ 

Standing  wide  jump,  10  feet  S  inohea,  by  J.  J.  Tidcle.  8ept  2.  1871,  Leigh,  " 
ebeatcr.  England. 

Rnnntng  high  jump.  0  feet  S4  inches,  by  M.  J.  Brooks,  April  T,  1870.  Lillte  Brid 
Ground.  England 

Rnnning  bigh  pole  jump,  11  feet  1  inch,  by  J.  E  Woodbum,  Jttly  31.  187A,  IHfer- 
stone,  England. 

'  Hee  caaefi  of  fracture.  «traina,  periosteal  KMolliDgH  on  the  tbiiM,  ooocnauon  of  tb* 

brain  and  spinal  cord,  etc..  reported  by  Dr.  Robert  Farquharaon,  Medical  OIBeer  ta 

>ingby  School,  Lancet,  April  10.  1970,  p.  54-^.     Alao  numerous  Mtiooa  aooidenU  r* 

orl«d  In  Lancet,  1875,  1876.  1877,  1S78. 
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present  s^-stcmatizctl,  is  based  upon  tlio  nilcs  of  tlic  Uttgby  Union, 
which  allow  the  ball  to  be  picked  up  and  ran  with  toward  tho  oppoiicnt*s 
gtiul.  Tliit*  practice  is  forbidden  by  the  rulea  of  tlie  Eiiglisii  Foot-ball 
Association,  and  with  good  reason,  it  seems  to  us,  for  most  of  thu  serious 
accidents  occur  from  a  player*s  being  violently  thrown  to  the  ground  while 
running  with  the  ball.  Another  source  of  danger  is  the  *'  scritninugcs,'* 
which  play  an  important  part  in  all  foniis  of  the  game,  and  in  which 
physical  Mrength  is  alloweil  an  undue  advantage  over  skill.  Probably  no 
alterations  can  be  made  in  the  game,  which  would  render  it  vntireltj  hann- 
lesa,  without  at  the  same  time  destroying  its  distinctive  character  as  well 
as  its  attractiveness.  In  this  country  the  game  has  hitherto,  so  far  as  wo 
are  aware,  been  unattended  by  any  very  serious  accidents;  but  it  is  ea-sy 
to  prophesy  (hat  they  will  in  time  be  the  certain  result  of  iiicreajsing 
rivalry,  and  that  some  tmjrartant  modifications,  which  sliatl  at  least  ditutn- 
ish  the  danger,  will  ultimately  bo  imperatively  demanded. 

OTUXASTIO    EXERCISKrt. 

As  compared  with  out-door  exercises,  auch  as  athletic  sports  and  games, 
bunting,  horse-back  riding,  etc.,  gymnastics  labor  under  two  disadvan- 
tages: (I)  they  are  conducted  nuder  cover,  and  in  winter  in  apartments 
where  the  artitictally  heated  air  is  never  absolutely  pure,  however  perfect 
the  ventilation;  and  (2)  they  are  generally  uiulertakr^n  as  ttutk/t^  and  there- 
fore lack  the  mental  exhilaration  which  forms  so  valuable  an  element  of 
recreative  exercises.  Without  such  mental  stimulus,  physical  exercise 
loses  most  of  its  invigorating  influence,  "In  mind,'' said  Mr.  I^rnsmus 
Wilson,  **  ties  the  great  secret  nf  l>eneticial  exercise,  and  wilhout  it 
exercise  is  a  misnomer,  and  a  fraud  uu  the  constitution.''  The  same  idea, 
expressed  bi  a  less  exaggerated  fonn,  is  carried  out  at  some  length  by  Dr. 
Stntchan  in  an  excellont  little  essay  on  the  function  of  /j/«y  in  the  phys- 
ical and  intellectual  development  of  children.'  Still,  although  this  spon- 
tancouH  recreative  element  is  necessarily  very  generally  absent  from  sys- 
tematic exercises,  gymnastics  are  not  without  special  advantages  of  their 
own.  In  a  well-ordered  course  of  g^'mnasties  the  amount  of  excreise  may 
be  regulated,  deficiencies  of  devt;lopmcnt  corrected,  and  a  proportiotiatc 
ruUure  of  thft  hodily  powers  secured  with  a  greater  degree  of  cor- 
lainty,  and  with  less  danger  of  injurious  results,  than  is  possible  with 
any  single  form  of  exercise.  We  say  t/xH-ortlered  course  of  gymnaatios, 
because  thcf  gynniasium  should  be  a  se/ioit/  of  physical  culture,  where  the 
novice,  at  least,  should  bo  under  the  direct  suiMsrvision  of  a  cjompetent 
trainer,  who  selects  for  him,  not  the  exercises  which  he  likes  best,  but 
those  which  are  best  for  him.  This  educational  function  of  the  gym- 
nasium is  too  often  lost  sight  of  in  this  country,  particularly  at  our 
collcgea  and  academieB,  where  large  sums  are  often  expended  in  erecting 
spacious  buildings  filled  with  numerous  apparatus,  but  without  any  ade- 
quate provision  for  proper  instruction.     With  a  few  notable  exceptions 

'  Whmt  is  PU;  ?  I  ts  B«ar1iig  npoo  EdacatloD  and  Training :  a  PhyBiological  Inquiry, 
l>y  John  Strachou,  M.D.,  Edinbargb,  1877. 
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this  serious  fault  of  our  gymnastic  system  is  almost  universal,  and  largely 
accounts  for  the  absurdly  disproportionate  results  which  are  obtained 
from  the  outlay  of  money.  Spend  less,  if  need  be,  upon  buildings  and 
apparatus,  but  provide,  as  the  fundamental  condition  for  the  successful 
operation  of  the  gymnasium,  a  competent  instructor,  who  shall  be  re- 
sponsible for  the  gradual  and  proporti<mate  development  of  those  under 
bis  chaise,  and  who  shall  be  able  to  inspire  them  with  his  own  enthusiasm 
for  physical  culture. 
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The  care  of  the  person,  viewed  from  a  hygienic  f)tAnr1<point,  iiirliiiles 
chiefly  those  means  by  which  cleaiilineas  and  the  proper  perfonnaiicc  of 
the  functions  of  the  skin  and  its  appenda^^H  are  maintained,  tog^ethcr 
with  protection  from  the  extremes  of  heat  and  cold  and  from  exterual 
injury.  The  various  additional  measures  employed  for  the  purpose  of 
preserring  and  increaaing  personal  comcline«ft  and  be^iuty  belong  rather 
to  the  subject  of  cosmetics  than  to  that  of  hyj^iono. 

Anatomy  arul  p/it/gioloj/i/ o/' t/te  sA'tn. — The  outer  layer  of  the  skin 
(epidermis)  is  composed  of  an  innumerable  number  of  tine  horny  lamolljc 
or  scales  no  larger  than  the  ^-^^  inch  in  diameter^  which  are  subjeoi  to 
ronstaot  waste  and  renewal,  like  other  portions  of  the  human  body,  and 
which  are  constantly  being  cast  off  in  the  form  of  a  dry  branny  scurf. 
BeJow  these  and  in  the  lower  layers  of  the  skin  are  thousands  of  minute 
projections  called  papilhe,  which  are  the  organs  of  common  sensation,  of 
touch,  and  of  the  sense  of  pain.  E^ch  one  of  these  contains  the  tenniu&l 
end  of  a  nerve  bv  means  of  which  impressions  made  upon  the  surface  am 
c&meii  to  the  brain  and  spinal  cord,  and  motor  impulses,  such  as  cause 
eoatraction  or  expansion  of  the  blood-veaseU  or  of  the  muscles,  are  ttent 
hack  again  to  the  skin.  In  addition,  the  skin  contains  a  rich  network  of 
Uood-veasela,  ramifying  through  its  tissues  in  all  directions  and,  Itko  the 
nerve  endings,  spreading  over  an  area  of  nearly  fifteen  square  feet.  Be- 
side theae,  the  skin  oontains  several  millions  of  perspiratory  and  oil  gJanda. 

The  afcin  may  be  r^^arded  in  a  fourfold  light  :  ].  ft  is  a  proieHine 
vfpam, — The  akm'gnards  the  parts  underneath  from  mechanical  injury, 
pfOCerttag-  them  by  its  bad  conducting  power  from  (excessive  heat  and 
cold,  ftikd  rqpakting  the  bodily  temperature  by  the  dilatation  or  contrao- 
lioa  of  its  hinni  vrssrln,  and  by  the  greater  or  less  amount  of  perspiration 
wfaieb  it  poon  forth.  2.  It  Ua  oatctUar  orffOft. — Tlie  importance  of  the 
■fcio  as  a  raacnlar  organ  is  seen  in  the  faintness  produced  when  its  capil- 
laries are  filled,  and  the  blood  drawn  from  the  brain,  as  by  a  hot  bath, 
and  also  by  the  dangerous  congestions  brought  on  by  chilling  of  the  snr- 
(*ee,  dpiii^  m  luge  body  of  blood  in  upon  the  internal  organs.  3.  It  is 
m  gtamdmiar  oryoA. — The  number  of  the  perspiratory  glands  being  as 
gKftt  as  it  ia,  their  function  most  be  an  important  one.  Ordinarily  the 
pcfi|Hnftory  aecretioa  does  not  reach  the  surface,  but  is  diffused  through 
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the  pulverulent  layers  of  the  skin  and  lost  like  tho  water  o£  rivers  flowing 
into  tlu>  sands  of  tho  doscrt.  This  is  what  is  called  insensible*  perspiratioti, 
of  which  about  two  pounds  are,  under  ordinary  cireumatanees,  secreted  in 
twenty-four  hours.  Being  diflFused  in  this  way  its  evaporation  helps  lo 
equalize  the  bodily  temperature.  Under  the  inlluence  of  violent  exerciw* 
or  in  the  hot-air  bath  a  large  quantity  of  perspiratory  secretion  may  b« 
poured  out  iji  a  verj-  short  time,  showiiiijj  itself  irf  bt?ad-Iike  drops  at  llie 
openings  of  the  swo&t-tubes,  and  forming  what  is  known  as  sensible  per- 
spiration. The  sebaceous  or  oil-glands  are  nearly  as  numerous  as  the  per- 
spiratory glands;  they  serve  to  lubricate  tho  skin  and  aid  in  the  exeluuon 
of  extraneous  fluids  and  gases.  M'hcn  diseased  or  clogged  by  din  and 
neglect  they  display  black  points,  and  on  pressure  their  secretion  can  b* 
squeezed  out  in  the  form  of  greasy  plugs,  the  so-called  "  flesh  worms," 
found  in  the  face  and  shoulders.  A  certain  proportion  of  carbonic  arid 
is  alao  excreted  by  the  skin,  the  amount  being  about  ^  of  that  thrown 
off  by  the  lungs.  4.  It  is  a  fiervo\t$  organ, — Kvery  impression  made  on 
the  surface  of  our  bodies  is  conveyed  to  the  nerve-ccntros  and  produces 
its  due  effect,  and  very  many  menial  impressions  are  expressed  by  some^H 
^change  in  the  condition  and  aspect  of  the  skin.  Every  one  has  noticmll^H 
instaiioes  of  the  former  influence  in  the  involuntarj'  muscular  movements  1 
caused  by  tickling  the  soles,  and  the  sighing  or  gasping  which  follows 
when  water  ia  dashed  upon  the  face  or  breast.  Instances  of  mental  im- 
pressions having  their  reflex  in  conditions  of  the  skin  are  noticed  in  tliti 
blniiching  of  fear,  tho  blushing  of  shame,  the  copious  perspiration  of 
mentui  unxioty,  and  the  standing  on  end  of  tho  hair  from  horror. 

Tho  cotistant  secretion  and  discharge  of  perspiratorj*  and  oily  matter 
upon  the  surface  of  the  body,  as  well  as  the  continual  shedding  of  epider- 
mic scales,  involves  a  double  source  of  defiJement — from  within  anrl  fn^>m 
without.  For  while  these  effete  products  are  themselves  constantly  ac- 
cumulating upon  the  skin,  they  attract,  at  the  same  time,  from  their 
oleaginous  character,  floating  dust  and  dirt.  If  the  skin  is  not  kept  clean, 
its  glands  or  *'  pores"  become  clogged  by  these  accumulations  and  it  be- 
comes unable  to  perform  its  functions  as  a  glandular  and  respiratory  organ. 
To  promote  the  proper  accomplishment  of  these  functions  of  the  skin  is 
one  of  the  chief  objects  of  bathing.  Another  object  ts  refreshment  by 
the  influence  of  the  bath  on  thetenninal  nervoRbros  and  on  the  circulation 
of  the  integument,  an  influence  which  may  be  either  soothing  or  stimu' 
lating,  depending  upon  the  character  of  the  bath, 

Tfie  both. — The  simplest  form  of  the  bath  is  that  employed  in  the  cus^ 
tomary  usos  of  the  toilet.  Those  parts  of  the  body  which  are  most  ex- 
posed to  dirt,  as  the  face,  neck,  arms,  and  hands,  should  be  wa&lied  ai 
least  twice  a  day,  preferably,  as  a  general  thing,  iit  luke-wami  water* 
and  with  the  use  of  somp.  Certain  parts,  u  the  feet,  arm-pits,  groins, 
and  neighboring  parts,  should  be  washed  every  evening  with  the  spar- 
ing use  of  soap.  The  amount  of  soap  used  in  the  toilet  should  do 
peml  upon  tht*  delicacy  of  the  skin  and  the  exposure  to  which  it  has  liecii 
subjected.      A  man  with  a  coarse,  greasy  skin,  who  has  been  exposed  to 
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the  dust  ati  da}-,  naturally  require*  much  more  aoap  than  a  delicate  wo- 
man whose  skin  is  drj',  and  who  is  not  much  out  of  doors.  Persons  tit 
whom  the  oil-glands  of  the  skin  are  well  developed  and  active,  especially 
those  about  the  (ace  or  shoulders,  require  uiuoh  mure  soap  in  washing 
than  do  those  whose  skin  is  harsh,  dry,  and  lacking  in  oily  secretion. 

It  is  better  to  apply  the  soap  by  means  of  the  hands  directly,  without 
the  intervention  of  sponges,  wash-rags,  etc.  The  fingers  insinuate  them- 
selves more  deftly  into  any  crevice  or  hollow  of  the  surface  than  is  pos- 
sible for  a  bit  of  flatinel  or  a  sponge;  they  can  use  just  the  requisite 
amount  of  pressure  and  friction,  and  they  are  not  so  liable  to  do  damage 
in  unduly  rubbing  or  chafing  the  skin. 

There  w  a  good  deal  of  choice  between  the  various  aoaps  whicli  ai^ 
offered  in  the  market  for  toilet  use.  These  soaps  are,  or  should  be,  com- 
pounded of  caustic  soda  and  refine<l  animal  fat  or  the  best  olive-oil,  with 
some  suitable  perfume.  In  point  of  fact,  not  only  are  such  ingredients  as 
ruain,  ootton-aeod  oil,  etc.,  ma<lci  use  of,  but  frequently  rancid  fats,  as  woll 
as  oleaginous  refuse,  otiter  into  the  composition  of  so-called  •'  toilet  soaps," 
strong  scents  being  itilded  to  disguise  the  origiital  evil  odor.  Well-known 
brands,  as  the  *'  old  brown  Windsor,"  are  thus  sophisticated,  and  somo- 
times  produce  deleterious  effects  upon  the  skin.  Opaque  and  mottlcl 
soaps  give  such  opportunity  for  adulteration  that  they  cannot  be  unquali- 
fiedly recommended  fur  toilet  use.  The  best  and  safest  soap  for  every- 
ilay  employment  is  undoubtedly  the  pure  white  Castile  soap  of  Spanish, 
French,  or  Italian  manufacture.  Purchased  from  dealers  of  reputation,  il.H 
good  quality  may  be  depended  upon,  and  it  possesses  every  necessary  at- 
tribute for  purposes  of  ablution.  Transparent  soaps  are,  as  a  general 
thing,  le^js  apt  to  be  adulterated,  since  they  are  made  by  dissolving  '*  curd  " 
soap  in  alcohol,  and  will  not  assume  a  perfect  transparency  unless  the  in- 
gredients are  of  gooil  quality.  The  transparent  8oa[is  made  by  the  Peare, 
of  I^ndon,  and  by  Rieger,  are  among  the  best  in  the  market,  though  some 
<»f  American  make,  as  the  "glvcerine  tablet,"  an^,  so  far  as  my  experience 
goes,  equally  good.  When  carefully  perfumed,  thcw  soaps  leave  nothing 
to  be  deaired  for  practical  use,  and  they  are  sufficiently  luxurious  for  the 
toilet. 

CoMHtticA. — A  f^w  *vonlfl  may  be  said  with  regard  to  "  co»metic»," 
properly  »o  called.  These  are  suhstdiicos  applied  to  the  skin,  hair  of  the 
head  and  beard,  nails,  and  teeth  to  improve  their  appearance.  None  are 
essential  to  health,  and  some  are  deleterious.  Numerous  instances  are  on 
record  of  poisoning  from  the  use  of  cosmetics  to  improve  the  complexion. 
Those  which  ctmtaln  lead  in  the  form  of  *'  flake  white"  are  usually  most 
injurious.  Occasionally  awkward  results  may  occur  from  the  use  of  the 
comparatively  harmless  magister  of  bismuth,  a  mixture  of  the  nitrate  and 
oxide,  which  turns  black  upon  exposure  to  fumes  of  sulphurous  acid,  or 
even  onions  ! 

General  bathitxg, — General  bathing,  aside  from  purposes  of  ablution, 
has  for  its  object   the  promotion  of  the  functions  of  the  skin  and  the 

?ral  refreshment  of  the  body.     The  effects  of  baths  are  produced 
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mainly  by  their  action  on  the  cutaneous  nerves.     The  ttudden  unoierBiou 
oi  the  body  in  rolff  >e<ticr  causes  a  shock,  the  cutaneous  capitlaries  con 
tract,  there  is  often  a  dtghl  gaspmg:,  the  pult»o  and  n-spiration  are  quick- 
ened.    If  the  water   be  very  cuhl  and  the  imnterfiion  continued,  thesi- 
sytnptonia  deepen  in  intensity,  but  if  the  body  l>e  quickly  removed  from 
the  bath,  '*  reaction  "  sets  in;  the  cutaneous  vesseU  dilate,  and  there  is  a 
^neral  fiense  of  warmth  and  vigor.     Tlie  effects  of  the  cold  bath  bein^i 
mainly  due  tu  impressions  made  upon  the  cutaneous  nerves,  its  vartoosj 
modifications  largely  depend  for  their  influence  on  their  power  of  incTeaMdJ 
stimulating  action.     Extreme  coldness  of  the  water;  frequent  changes, 
In  the  sea  or  in   ruitning  streams;  great  force  of  nnpact,  as  when  water^ 
falls  from  a  height,  or  comes  forcibly  througli  a  hose  upon  the  Ixxly;  di- 
vision of  the  stream  as  in  shower  and  needle  baths,  and  the  addition  of 
acids  or  aalts  to  the  water;  all  appear  to  act  by  increasing  the  stimulat- 
ing power  which  the  water  exerts  u{>on  the  cutaneous  nerves. 

Wtirni  baths  produce  an  effect  u|>on  the  skni  directly  contrary  to  that^ 
which  is  brought  about  by  cold  water  :  the  cutaneous  vessels  are  dilated, 
and  the  tenipemttire  is  raised.     While  a  cold  bath  causes  a  certain  stilF- 
nesa  in  the  muscles  if  ^;ontinued  too  long  a  time,  a  warm  bath  relieves 
stiffness  and  fatigue  (L<tucet). 

Substances  in  watery  solution  are  slightly  or  not  at  all  absorbed  by  the 
skin,  althougli  gaaes  are  thus  absorbed  and  also  subatannes  dissolved  in 
a  greasy  medium.  Shipwrecked  sailors  are  able  to  retard  the  pangs  uf 
thirst  by  keeping  their  clothing  saturated  with  water,  not  because  the 
water  soaks  in  through  the  skin,  but  because  the  transudation  of  water 
and  its  loss  is  thus  hindorod.  On  the  other  hand,  in  what  is  known  as 
the  **  continuous  batli,**  j>ers<iiis  live  day  and  night  for  months,  cxpenen- 
ping  thirst  as  if  exposed  to  tlio  air. 

Tlii.'i  simplest  form  of  bath  and  that  best  adapted  to  weak  and  delicate 
individuals,  is  by  means  of  the  wetted  sponge.  The  water  may  have  any 
temperature  desired,  and  a  pari  of  the  body  only  need  be  exposcHi  at  any 
time.  This  bath  affords  a  must  convenient  method  of  applying  the  stimu- 
lating or  soothing  effect  of  water  witfiout  danger.  If  the  water  is  used 
cold,  a  reaction  should  be  induced  in  this,  as  in  all  cold  baths.  When  a 
reaction  is  wanting,  something  is  wrong,  either  in  the  condition  of  the 
individual  or  in  the  mainior  of  giving  the  bath,  and  it  sliould  not  be  per* 
sisted  in. 

Another  fonn  of  the  s/ivru/e-fHttA  requires  the  use  of-  a  large,  shallow 
tub,  in  which  the  bather  stands  or  sits  while  he  receives  the  watur  from  »j 
i^nge  squeezed  over  his  slioulders  and  against  his  body.  The  shock  he 
is  aoinewhat  greater  when  cold  water  is  used  than  in  the  first  form  of 
sponge-bath,  A  single  affusion  from  the  sponge  is  enough;  the  batlier 
should  then  dry  the  body  quickly.  The  bath  should  be  taken  in  the  morn- 
ing on  rising  and  in  a  warm  room. 

The  domihc  consists  in  a  stream  of  water,  varying  in  size  and  foroei|l 
applied  at  a  greater  or  less  distance  against  tlifferent  parts  of  the  body. 
The  douche  exercises  a  certain  amount  of  friction  and  a  ountinuous  ijn- 
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piilso  on  tiio  spot  to  which  it  is  applied.  It  quickens  th?  circulutioii,  and 
is  RaitI  in  favor  tlip  ah>uir|>tinn  of  various  diseased  deposits.  Its  DfTpfts 
are  au  powerful  that  it  catitiot  be  applied  for  a  long  time  continuously,  but 
after  every  two  or  three  minutes  should  be  suspended  for  a  short  interval. 

The  ordinary  nfiotrer-hath  is  a  fonn  of  douche,  the  effect  of  whidi 
varies  considerably  according  to  the  heiylit  nbovi*  ihe  head  at  which  it  is 
placed  and  the  fti7.e<if  tlif  apertures  through  which  the  stream  pours.  To 
obtain  the  most  satisfactory  effect — a  moderate  stimulation,  without  too 
great  a  shook — t\\c  stream  should  pass  through  a  largYi  number  of  very 
small  holes,  and,  in  this  state  of  fine  subdivision,  should  bo  {»oured  upon 
the  head  from  a  very  moilerate  height- 

A  variety  of  shower-bath — not  often  used,  however,  outside  of  hydro- 
pathic establishments — is  the  circular  or  needle  biith,  in  which  the  bathor 
stands  within  a  series  of  ring's,  formed  of  tubes  lineil  on  tlie  inside  with 
hole«,  from  whif.'h  thousiinds  of  muutti^  jots  «f  water  are  prujouteil  simul- 
taneously against  every  portion  of  the  boiiy.  The  stimulant  effect  of  this 
bath  is  too  great  to  allow  of  its  continuance  for  more  than  a  few  moments 
in  the  case  of  most  persons.  Other  forms  of  the  dfiuclio^  as  the  wave- 
bath,  etc.,  are  moditieations  of  tliis  form,  without  material  difTcrcnce  in 
their  mode  of  action  or  effect.  \N'hat  is  known  as  the  EtHtMims^  is  a 
douche  of  alternate  hot  and  cold  water.  Employed  in  the  onlinary 
shower-bath,  which,  as  usually  set  up  in  most  houses,  can  be  used  with 
hot  and  cold  water,  this  form  of  bath  is  convenient  and  agreeable.  The 
bather,  soaping  himself  thoroughly,  can  wash  off  the  superfluous,  cuta- 
neous, oily  matter  and  epidermic  debris  under  the  hot  shower,  which  opens 
the  pores,  and  allows  of  somewhat  free  transudation  of  their  secretion,  anrl 
ran  then,  by  a  nmvement  of  the  hand,  change  the  hot  stream  to  a  cold 
one,  and,  experienring  a  momentary  sho<'k,  will,  an  instant  later,  enjoy 
the  refreshing  reaction  which  is  sure  to  follnw,  A  warm  bath,  taken  for 
cleansing  purposes  by  a  healthy  |>erson,  should  always  be  followed  by  a 
cold  affusion  ;  otherwise  the  bather  nms  a  decided  risk  of  catching  cold, 
by  dressing  and  going  about  while  the  pores,  or  rather  the  cutaneous 
oapillarics,  are  in  that  state  of  dilatation  and  semi -paralysis,  in  which  they 
are  left  by  the  warm  bath. 

In  addition  tt>  the  douche  in  its  various  forms,  we  may  mention  the  half* 
bath,  the  sitz-hatli,  and  the  full-bath.  T\\Kf  half-fntth,  in  which  the  bather 
sits  in  a  tub  tilled  with  water  to  the  depth  of  from  ten  to  twelve  inches, 
while  the  upper  part  of  the  body  is  sponged  off,  is  adapted  to  invalids 
in  whom  some  cheist  affection  forbi<ls  the  exercise  of  pressure.  For  in  an 
ortiinary  bath  there  is  considerable  pressure  upon  the  surface,  as  much  as 
a  pound  to  the  square  inch,  the  influence  of  which  on  the  functions  of  t)ie 
body  cannot  be  inconsiderable,  although  exactly  what  its  effects  may  i>e 
has  never  been  ascertained.  The  aitz-bath  is  usually  taken  in  a  tub  made 
for  the  purpose,  in  wlii4*li  th'>  hips  and  neighboring  parts  are  exposed  to 
the  a«tion  of  water,  maintained  at  the  desired  temperature.  The  full  <)r 
ordinary  bath  needs  no  description;  its  effect  dejteuda  largely  upon  the 
teinperature  at  which  it  is  taken. 
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Tims  fftr  c^Kl  baths  have  been  spoken  of  for  ihe  most  jurt.  Hot  bath* 
exercise  a  very  eatutary  eftect  in  many  inslauces,  depending  somewhat  on 
t]ie  degree  'A  their  iieat.  A»  uriliiiarily  understood,  the  coid  bath  may 
he  of  any  temperature,  from  below  oC  R  up  to  T0°  F.  Very  cold  baths, 
below  50^  F.,  cannot  be  borne  lung.  The  tepUl  bath  xb  usually  taken  at 
KS*  to  95*  K,  The  wann  bath  may  range  between  96**  and  104"  F.,  while 
the  hot  bath  is  uaually  regarded  as  102°  to  110°  F.  Ver>-  hot  baths,  110" 
to  120°  F.,  are  not  safe;  they  tend  to  soalding,  and  can  only  be  borne  a 
very  few  moments,  as  violent  action  ot  the  heart  and  blood-veaseb  seta  in. 

The  vapor-biUh  la  taken  at  a  temperature  of  9ti°  to  llO**  F.  There  w 
a  good  deal  of  oppression  at  first  and  some  difBuulty  in  breathing,  but 
soon  perspiration  bursts  through  the  pores  and  the  breatlnng  i»  easy  and 
agreeable.  In  the  simplest  form  of  vapor-hath  the  individual  alts  on  ■ 
■ihair  surrounded  by  a  water-proof  sheet  Biting  olosely  about  the  neck. 
Hut  water  is  then  poured  over  heated  bricks  placed  conveniently  under 
the  chair.  The  moat  extensively  used  vapor-bath  is  that  known  a»  th» 
Rm»ian  Utth.  in  this  bath  the  bather  lies  upon  a  sort  of  staging,  thf 
lower  steps  of  which  expose  him  to  a  moderate  tomperatare  (usually  alxml 
104°  F.),  while  the  higher  (ineN  place  him  In  an  almost  unbearable  heMl 
(13:2*  F.).  Douclies  of  hot  water,  copious  lathering  with  soap,  and  rub-, 
bing  with  btreh  twigs  and  ]eavt*s  are  among  the  adjuncts  of  this  bath.' 
As  taken  by  the  Russians  themselves  in  former  times,  flagellation,  with 
birch  twiga,  was  resorted  to  and  the  Iwther  was  accustomed  to  ruah  out 
of  the  bath  and  roll  himself,  all  Jiak^d  and  steaming  as  ho  was,  in  the 
snow.  Milder  euiituuis  we  believe  prevail  nmrtng  the  Russians  of  to-dav, 
nevertheless  the  vapor-bath  is  nut  to  be  indulged  in  at  all  times  and  bv 
all  persons  with  impunity.  V\' hen  there  is  any  tendenfy  to  heart  dist>ase, 
palpitation,  etc.,  or  fulness  of  the  head,  the  vapor-bath  should  be  in* 
dulged  in  with  caution,  or  not  at  all. 

The  Turkish  bath  difters  from  the  Russian,  essentially  in  tlie  fact  that 
its  atmosphere  is  dry,  while  that  of  the  Russian  bath  is  loaded  with 
watery  vapor.  In  taking  a  Turkish  bath,  the  bather  first  enters  the  "  fri- 
gidarium"  or  cooling- room,  when  he  undresses  and  |>asses  into  the  **  tepi* 
4larium,"  the  temperature  of  which  ranges  from  110°  to  I-IO*"  F.  The  ob- 
ject of  this  room  is  to  biing  on  a  gentle  perspiration  and  to  projMire  tin; 
Kysteni  for  exposure  to  a  still  higher  temperature.  This  is  attained  in  (he 
"calldarlum,"  the  temperature  of  which  is  140**  to  ISO'' or  300°  F.  In 
this  room  the  bather  undergoes  the  operation  of  kneading  or  shampooing. 
To  get  the  full  benedt  of  the  Turkish  bath,  this  procedure  should  not  l>e 
omitted;  it  should  be  performed  thoroughly  and  gently  by  a  skilled  at- 
tendant, the  hands  alone  being  employed  and  rough  towels,  flesh-brunhi^-i, 
and  th«  like  i-ntirely  avoided.  After  sweating,  shampooing,  and  soaping, 
the  bather  paases  into  the  "  lavatorium,"  or  wash-room.  In  this  room  he 
begins  with  a  warm  shower-bath,  whluh  is  gradually  changed  to  cool,  ami 
then  to  oold.  This  nut  only  8er\'es  to  wash  away  ihe  perspiration,  soap, 
etc,  but  also  closes  the  jwrt's  and  causes  a  vigorous  reaction.  This  Ia«t 
impurtant  result  is  always  readily  obtained,  alter  passing  through  the  hot- 
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nir  bath,  the  feeblest  jiersons  r«acting'  without  difficulty.  The  bather  then 
returns  to  the  "  fri|ri(iariuni  "when  ho  dresses  slowly,  or,  reclining  wnipped 
in  a  sheet,  waits  the  cessution  of  the  secondary  perspiration.  (Jos.  M'il- 
Hoii,  M.D.)  The  foregoing  desoription  will  apply  cs.sentially  to  all  forms 
of  the  Turkish  bath  as  found  in  this  country.  In  our  larger  cities  varimis 
luxurious  accessories  are  found,  which,  however,  do  nut  add  to  the  real 
nflicieacy  of  the  bath. 

The  Turkish  bath  is  one  of  the  most  efficient  means  of  refreshment 
uiid  reinvigoration  we  possess.  Used  in  moderation,  it  is  absolutely  with- 
out danger,  even  to  the  delicate,  and  the  feeling  resulting  from  its  use  is 
one  of  general  vigor  and  lightness. 

While  on  this  subject,  a  few  words  may  be  said  with  reference  to  the 
sudden  shock  and  change  of  temperature  brought  about  by  ilic  successive 
uae  of  hot  air  and  cold  water.  .So  far  from  being  injurious  to  pass  into 
water  while  in  a  state  of  profuse  perspiration,  nothing  can  be  less  harmful. 
Ou  the  other  hand,  the  practice  of  " cooling  off  *'  before  going  ijito  the 
water  should  be  condemned.  When  the  skin  is  in  a  state  of  excitation 
ami  the  nervous  powers  are  at  their  natural  standard  or  elevated  above 
their  normal  range,  no  danger  can  result  from  the  sudden  contact  with 
cold  water.  It  is  only  when  ihc  body  is  chilled,  and  the  powers  of  the  ner- 
vous system  are  depressed  from  exposure,  fatigue,  or  diseaw^  that  any  ill 
consequences  can  accrue. 

Certain  precautions  must  always  be  exercised  in  bathing  of  wliutcviT 
sort.  The  bath  should  not  be  taken  "on  an  empty  stomach,"— that  is, 
when  one  is  conscious  of  being  hungry,^-or  when  one  is  fatigued.  Nor 
should  it  follow  a  meal  too  closely;  three  or  four  hours  should  be  permitted 
loclapse.  Ordinarily,  the  proper  time  for  bathing  is  in  the  morning,  either 
before  breakfast  or  about  noon.  A  good  reaction  is  a  necessity  to  the 
advantageous  use  of  the  bath;  unless  the  bather  feels  a  "glow"  after  the 
bath,  it  has  done  him  no  good,  and  possibly  may  have  done  him  harm.  Of 
course  this  does  not  apply  to  lepid  or  warm  baths  when  relaxation  alone 
is  desired.  Too  much  bathing,  especially  in  connection  with  the  free 
uac  of  soap,  is  injurious  to  the  skin,  since  it  is  thus  robbed  of  its  oily 
■  matters,  which  serve  to  keep  it  smooth,  soft,  and  supple.  Every  one 
knows  how  readily  chapped  hands  are  brought  on  in  winter,  and  in  some 
(>ersons  with  thin  dry  skins  in  auinmer  as  well,  by  the  use  of  i^oap  and 
warm  water,  without  adecjuate  drving  and  cooling.  As  has  been  said 
ftbove,  aoap  is  to  be  used,  under  ordinary  circumstances,  only  upon  those 
portions  of  the  body  which  are  particularly  exposed  to  dust  and  dirt  and 
when  the  oil-glands  are  active.  As  a  general  thing,  the  rest  of  the  body 
should  only  occasionally  be  wa8he<l  with  the  use  of  soap.  The  prolonged 
employment  of  sweating,  as  in  tlie  "packing "of  the  Water  Cures,  gives 
nne  not  unfrequently  to  the  occurrence  of  boils  and  other  eruptions,  often 
stubborn  and  difficult  to  cure.  Hydropathists  point  to  these  eruptions 
with  satisfaction,  as  evincing  the  escape  of  "  humors'*  from  the  system, 
but  they  are  rather  to  be  regarded  as  the  unfortunate  results  of  a  debili- 
tating treatment. 
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ikH'biithhig  is  one  of  the  most  important  forms  nf  the  bath.  In  coo- 
nectiun  with  the  usual  aooeasories  of  fresh  air  and  frt^odom  from  toil  and 
caro,  it  affords  a  moat  important  aif!  to  tho  preservation  of  health.  Ttie 
beneficial  resulta  derived  from  bathing  in  the  open  sea  are  chiefly  due  :  1. 
To  the  composition  of  sea-water.  ^.  To  the  shock  occasioned  by  che  wty 
tion  of  the  waves  and  the  low  temperature  of  the  water.  The  effect  of 
such  batlis  is  similar  to  that  of  tlie  urdinary  douch«.',  utily  more  stimulatinj^  i 
and  with  the  addition  of  tho  exhilarating  surroundings.  When  s«>i- 
bathinpf  is  employed  in  unsuitable  cases,  or  too  often ;  or  if,  the  bather 
remaining  loo  long  in  the  water,  the  body  becomes  cooled  off,  the  stage 
of  reactiun  is  replaced  by  one  of  depression,  local  congestions  occur  inter* 
nally,  asis  evinced  by  torpidity  of  the  lirer,  imperfect  digestion,  throbbing 
headache,  etc. 

Bathing  in  the  sea  should  not  be  indulged  in  by  the  very  old  or  young; 
by  those  whose  circulation  is  langitid;  by  persons  who  have  disease  of  tb*  j 
heart,  chronic  lung  disorders,  affections  of  the  brain,  or  local  dctcrmina-' 
tious  of  blood.  Persona  in  moderate,  health  should  bathe  in  the  sea  onlr 
every  other  day;  while  people  of  robust  constitution  can  bathe  daily. 
The  best  time  to  bathe  in  the  ocean  is  in  the  middle  of  the  morning.  U, 
on  account  of  tho  tide,  or  for  any  other  reason,  bathing  in  the  early  morn- 
ing is  indulged  in,  tho  bather  should  first  take  some  light  refreshment,  a>>  a 
cup  of  tea,  coffee,  or  chocolate,  and  some  bread  and  butter.  On  no  account 
should  sea-bathing  be  indulged  iu  after  a  hearty  meal  or  when  f»tigne>l 
The  duration  of  tho  bath  must,  of  course,  vary  considerably  with  the  in- 
dividual, and  also  according  to  the  time  of  year,  temperature,  state  of  the 
weather,  etc.  Children  may  stay  in  at  Brst  live,  and  Uter  ten,  minuten; 
women,  from  ten  to  fifteen  minutes;  and  men,  a  quarter  of  an  hour  or 
more.  This  is  a  fair  average  time,  and  cannot  generally  bo  prolonged  j 
without  vitiating  the  original  good  effect  of  the  bath.  How  often  one  I 
sees,  in  a  stroll  along  a  popular  sea-beach,  groups  of  drenched,  miserabl** 
objects,  with  blue  Itps,  chattering  teeth,  and  wrinkled,  clammy  skin,  who 
have  been  spending  half  a  morning  in  aliernately  plunging  into  the  wav<*» 
and  then  walking  about,  dripping,  in  the  cool  air.  Alt  trace  of  n*acti(>n 
has  disappeared  in  these  too  enthusiastic  bathers;  and  tliey  return,  from 
what  should  have  been  an  invigorating  dip,  in  a  oondition  approaching 
collapse,  and  often  requiring  the  use  of  alcoholic  stimulants  to  restore  ih-^ 
uyst»m  to  full  vitality.  Such  abuse  of  sea-bathing  is,  unfortunately,  too 
common,  oven  among  those  who  have  sought  the  sea-side  for  the  improre* 
ment  of  impaired  health. 

On  entering  tho  water,  the  bather  should  immerse  the  whole  of  li»e 
body  two  or  three  times,  so  as  to  get  the  action  of  the  shock  from  thr 
cold  water  distributed  over  its  entire  surface;  there  should  be  no  hestita- 
tion,  no  dabbling  in  the  water,  but  a  bold  plunge  should  be  taken  at  once. 
To  repeat  what  was  said  before:  it  is  a  mistake  to  "cool  off"  lM»fore  the 
plunge;  all  the  warmth  oT  the  bo<]y  is  needed  to  gain  a  vigorous  reactiori. 
Nor  is  it  requisite  to  sprinkle  or  puur  water  upon  the  head,  wrists,  etc. :  thl* 
is  quite  unnccessar)'.     The  head  ought  to  be  uncovered  and  exposed 
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tlic  Action  ot  the  water,  unless  the  hair  is  very  tliick  and  long,  or  for  somo 
cqtmlly  valid  rpHSoti.  On  oomiiigr  oiif  of  tlip  water,  tho  barhor  should  dry 
himself  t^uickly  wilh  a  thick,  rwiigh  towel,  dress  rapidly,  and  take  a  brisk 
walk  for  a  short  distance.  This  is  better  than  to  pursue  the  practice  oorn- 
moti,  at  leant  among  ladies,  of  retiring  at  once  for  a  siesita.  iShntdil  there 
be  any  foelinp  of  exhaustion  or  nervous  depression  following'  the  bath,  a 
little  food  or  drink  should  be  takeiu     The  cause  of  stich  depression  should, 

L however,  be  looked  into  and  ret^tified;  for  if  thi»  is  the  usual  result  of 
the  bath,  either  the  Individual  is  not  in  a  condition  to  proBt  by  it,  or  elsti 
there  is  something-  wrong  in  the  way  the  bath  is  taken.  In  Vmthing  of 
any  aort,  and  jiarticularly  in  sea-butlung-,  can*  must  be  taken  to  prevent 
th«  Mrs  getting  titled  with  water,  which  may  giee  rise  to  much  annoyance, 
■ad  is  said  to  be  an  occasional  cause  of  permHnent  deafness. 
P  With  children,  the  first  seu-baths  should  not  consist  in  more  than  one 
or  two  rapid  and  successive  immersions.  ISubscquent  baths  may  be 
somewhat  prolonged,  but  the  child  should  not  be  allowed  to  remain  in  the 
water  until  chilled.     Children  should  never  be  forced  into  the  water,  par- 

Iticnlarly  into  the  surf,  against  their  will.  No  worse  preparation  for  a 
gr>rjd  reaction  ean  be  imagined  than  [he  condition  of  fright  and  depression 
existing  when  a  terrified  and  screaming  child  is  dragged,  or,  as  1  have 
aeVii,  even  thrown,  Iwdily  into  the  water  by  a  criminally  foolish  parent. 
Regard  for  the  little  sufferer's  health,  not  to  speak  of  motives  of  the 
merest  huniunity,  should  prevent  such  cruelty. 
Once  in  the  water,  the  child  should  he  encouragwl  to  take  aotive  ex- 
ercise, than  which  no  form  is  more  beneficial  than  sicimminff.  This  is  an 
accomplishment  which  should  be  taught  nil  children  at  as  early  an  age  a.-! 
practicable.  One  never  knows  at  what  moment  the  possession  of  such  ii 
faculty  ns.  swimming  may  come  into  play,  enabling  one  to  preserve  one's 

town  life  or  to  rescue  another.  As  a  means  of  exercise,  swinmiing  is  un- 
rivalleil.  In  an  ordinary  gymnasium  but  one  muscle  or  set  of  muscles  caa 
ht*  brought  into  play  at  a  time,  but  in  swimming  alt  are  used  in  concert, 
and  in  a  medium  which,  while  permitting  free  play  of  ever}-  limb,  yet 
■  offers  sufficient  resistance  to  bring  out  and  exercise  the  muscular  powers. 
"  In  sea-bathing,  we  must  add  to  this  the  stimulating  dash  of  the  salt 
waves  and  the  delight  of  the  pure  and  exhilarating  atmosphere, — the 
most  perfect  combination  of  hcalth-giving  circumstances  which  can   be 

^conl:eived. 
In  eases  where  bathing  in  the  open  sea  is  inadmissible,  warm  sea- 
JfmtfT  baths  are  often  valuable.  Feeble  persons  or  invalids  may  thus 
'jpidually  accustom  themselves  to  the  usii  of  bathing,  the  temperature 
of  the  water  being  lowered  by  degrees  until  open  sea-bathing  can  bo  re- 
sorted to. 

When  natural  sea-water  is  unattainable,  artificial  salt-water  baths  are 
sometimoji  employed.  They  are  stimulant  to  the  skin,  and  may  iw  compared 
in  their  efTett  to  thr>se  still  jxtolson  the  sea-beach  in  which  invalids  and  chil- 
dren sometimes  bathe — lacking,  of  course,  the  advantage  of  the  bracing  sea- 
air.     Their  influence  is  largely  due  to  the  saline  particles  which  they  con- 
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tain,  and  uny  votutton  whioh  onntains  the  chief  const ituiuiU  of  sca-WAter 
wUl  answer  ihn  j.urpose.     Such  may  he  Mtadv  as  follows: 

IMiloriile  of  Hodhini  (cuiiimon  salt) 0  lbs. 

Crystsllized  sulplmie  of  sodium 4  lbs. 

Crystallizwl  chloride  of  calcium 12  OS. 

CrystaUtzed  chloride  of  niagiieaiuiu 3^  lbs. 


This 


for 


angle*  hulh,  and 


be  disaolved 


amount  i«  sumcient 
thirty  f^alloiis  of  water.      A   prepared  sva,  kaIi  is  mjUI  in  the  HhujiH.  but   it 
bae  no  advanta^^es  over  the  alxive  preparation. 

I*ttMic  hatJis. — Tlie  (jiif-stion  of  the  fstablishnicnt  of  public  baths  u 
one  which  should  conimend  itself  to  alt  int*»llig^ent  jjeople,  and  yt-l  i(  is 
one  whioh  in  moat  parts  of  this  country  excites  little  or  nu  interest. 
Kvci-}'  facility  for  proper  cleaulineas  should  1>«  afTorded  the  poorer,  and 
«g|>ccittlly  the  working  classes,  who  are  not  only  rooro  cxposod  from  the 
nature  of  their  avncatioiis  to  various  sources  of  uncleunlinoss,  but  are  al»^u 
rarely  so  situated  as  to  be  able  to  cleanse  tlK>nisclvcs  pro))er]y  at  home, 
much  less  to  enjoy  the  luxury  of  a  complete  bath  for  refreahment.  When 
our  cities  were  small  and  the  surrounding  streams  rouhl  easily  be  reached, 
personal  cleanliness  on  the  part  of  the  working- people  wait  not  so  diflicuh 
of  attainment;  but  now,  in  our  larger  towns  and  cities,  the  lack  of  uns^ 
even  the  simplest,  means  of  j^eneral  ablution  is  a  disgrace  to  our  civiliza- 
tion. Public  baths  havo  been  established  recently,  1  believe,  in  Boston 
and  New  York.  The  latter,  unfortunately,  are  simply  lloating  liouse^ 
moored  in  the  slips  along  the  river  fronts,  and  the  water  with  which  they 
are  supplied  is  tilled  with  garbage  of  all  kinds,  and  more  or  leas  tainted 
with  sewage.  Wretched  as  these  baths  arc,  and  they  have  been  de* 
nounci'd  as  sources  of  disease,  the  i':rowds  which  use  them  show  the 
ilemand  for  some  such  means  of  refreshment.  In  Philadelpltia  a  number 
of  public  bathing  houses  were  built  by  the  nmnicipal  authorities  a  few 
years  ago,  which  were  very  highly  appreciated  by  those  for  whom  they 
were  intended.  The  extensive  rivor  front  of  this  city,  ami  fhe  com- 
]iarative  purity  of  the  water  permitted  of  these  baths  being  placed  in 
dose  proximity  to  the  wharves;  the  current  of  the  river  being  sufficiently 
^trong  to  constantly  renew  the  supply  of  water.  After  a  season  or  two. 
however,  they  were  given  up  and  allowed  to  go  to  ruin — on  the  score  uf 
economy.  Al  present,  although  Philadelphia  possesses  a  greater  num- 
ber of  private  bath-tubs,  in  proportion  to  the  population,  than  any  large 
city  in  the  world,  yet,  for  the  lowest  classes,  no  provision  for  o]c«nHnes^ 
is  made,  excepting  by  the  comparatively  limited  efforts  of  some  religious 
Booieties. 

•  Many  years  ago  Dr.  Bell  suggested  that  the  waste  steam  of  manufac- 
tories could  be  utilized  in  heating  the  water  for  public  baths.  He  said  : 
"  Much  might  be  done  by  the  heads  of  maimfacturing  establish mt^nta  in 
which  steam-power  is  employed.  It  has  been  computed  that  the  wa-^l'^ 
water  of  a  500  horse-power  steam  engine  would  suffice  to  furnish  bnth* 


THK   CARE   OF   THE   PERSON.  371' 

for  36,000  persons  daily  at  an  ETerage  temperature  ot  70"  to  75°  F. 
'I'be  v/at^*  taken  from  the  hot  well  of  the  engine,  ranges  from  92°  to 

no**  F." 

Uyiothinff. — The  object  of  clothing  is  chiefly  the  protection  of  the  body 
from  the  extremes  of  heat  and  cold,  and  from  the  eftects  of  sudden 
changes  of  temperature.  Clothing  acts  mainly  in  virtue  of  its  being  a 
bad  conductor  of  heat.  In  winter  it  keeps  the  body-heat  from  waste,  in 
summer  it  prevents  the  absorption  of  heat  from  without.  The  more 
alowly  a  given  materia)  conducts  heat  the  more  eflic&cious  is  it  for  the 
purposes  of  clothing.  Exact  experiments  have  shown  the  comparative 
value  in  tliis  respect  of  different  stuffs.  Woollen  materials  rank  first,  and 
with  them  the  furs  of  certain  animals  and  the  down  of  birds;  next  come 
materials  of  silk  and  cultun,  while  those  of  lineu  comu  last.  Color  makes 
little  difference  with  regard  to  heat  radiated  fmm  the  body.  When,  how- 
ever, thi*  question  is  of  heat  received,  as  from  the  sun,  color  makes  a 
^re«t  diflercnce,  and  matenul  very  little.     For  instance,  when 

White  cotton  received 100"  F. 

Wh»t«  Hnen  received 98*  F. 

White  flannel  received 102°  F. 

White  silk  received 108"  F. 

Taking,  however,  shirtings — the  same  material— of  different  colors,  the 
following  differences  were  observed: 

When  white  received 100"  F. 

Pale  straw  received 103°  F. 

Dark  yellow  received 140"  F. 

Light  green  received 165"  F. 

Dark  green  received 1C8"  F. 

Turkey  red  received 165'  F. 

Light  "blue  received 198"  F. 

liiack  received 208*  F. 

This  agrees  with  our  experience.  Every  one  knows  how  much  Irotter  one 
tvf.lH  in  the  sun  with  a  black  than  with  a  white  coat. 

Loosely-fitting  clothing,  other  things  being  equal,  is  warmer  than 
light-fietiug.  Clothing  worn  in  successive  layers  is  warmer  than  a 
single  layer;  two  shirts  worn  one  over  the  other  are  wanner  than  a  single 
one  containing  the  same  amount  of  material.  Clothing  should  be  pennc* 
ftble  to  air,  if  it  ia  lo  b«  cither  comfortable  or  healthy.  Few  people  feel 
cc^mfortable  in  jjidia-rublier  garments. 

The  varying  facility  wiih  which  different  articles  of  clothing  take  up 
Witter  into  their  interstices  causes  great  difference  in  their  warming  proper* 
lies.  Water  is  a  much  better  conductor  of  heat  than  air,  and  the  frequent 
injury  from  damp  clothes  depends  upon  their  rapidly  conducting  away  the 
bodily  heat,  as  well  as  cooHng  the  surface  by  evaporation  of  thrir  con* 
tained  water.     An  atmosphere  loaded  with  moisture  in  cold  weather  gives 
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the  greatest  Jiscomforl.  Every  one  knows  the  days  when  it  sp^ms  im- 
possible  to  kopp  warm,  and  wlipii  ihu  oo\d  "  strikes  thnjugh"  one.  The 
gannonts  under  these  atinnspherir  conditions  hecomi*  themselves  moist, 
And  conduct  away  the  heat  of  the  body  more  rapidly'  than  usual.  Linmi 
readily  indiibca  moisture,  and  by  cortdensinj^  the  products  of  cutaneous 
exhalation  and  allowing^  thetr  evaporation,  oooU  th«  skin  and  ^ves  rb« 
to  chilliness.  On  the  other  hatid,  vestments  of  linen  worn  next  to  th*^ 
skin  arc  useful  in  a  condition  of  excitement,  scathing  the  irritable  cu(n* 
neous  aurfaco  by  the  coolness  which  they  produce,  as  well  as  by  the 
absence  of  fine  spiculx.  Cotton-stufTs  imbibe  moisture  much  less  readilv 
than  linen,  and  thtfsu  of  wool  and  silk  art*  Mill  leiu  hygrosoopic.  On  thi'i 
account,  and  because  of  their  comparatively  oj«mi  texture,  through  whicfi 
vapors  escape,  these  latter  materials  are  slow  to  receive  or  retain  the  ptr- 
epiration,  and  cool  the  surface  less  rapidly  than  'linon.  Flannelt  for  in- 
stance,  absorl>s  or  diffuses  the  [wrspiration  and  prevents  too  sudden  changv4 
of  tempc^rature.  One  may  sit  down  on  a  cool  hank,  after  violent  exertion, 
with  much  less  danger  if  dressed  in  a  flannel-shirt  than  if  one's  dress  wen* 
Jijfien. 

The  non-conducting-  quality  of  clothingdepends  not  only  on  its  material 
but  also  upon  its  texture.  A  material  of  loose  texture  oonBnin^  much  air 
in  its  interstices  is  warder  than  the  same  amount  of  clothing  cloaely 
woven.  Wool  or  cotton^  carded  and  spread  out  in  the  shape  of  wadding, 
and  enclosed  in  an  envelope  of  silk,  will  make  a  warmer  garment  than  th- 
same  quantity  of  material  spun  and  woven  and  similarly  covered.  This 
action  of  clothing  may  be  likened  to  that  of  the  double  window-aash*^ 
used  in  northern  ecHinlrie.H,  It  is  well  known  bow  well  these  serve  th»» 
purpose  for  which  they  are  intended;  but  if  the  double-sashes  could  b»» 
closely  joined  together  their  united  value  for  keeping  in  the  heat  would 
be  scarcely  greater  than  that  of  one  alone.  Coarseness  or  Hneness  of 
texture  must  be  taken  into  account,  as  well  as  roughness  of  surface.  A 
woollen  garment,  as  flannel,  by  its  innumerable  points  or  capillary  pro- 
jections keeps  up  a  continual  excitement  of  the  sktn.  which,  in  those  in 
whom  this  organ  is  sensitive,  amounts  to  irritation.  In  this  n*spect.  cotton, . 
and,  more  especially,  silk  stuffs  of  looser  texture,  come  midway  between 
woollen  and  linen  clothiug  in  being  loss  irritating  than  the  woollen  and 
securing  more  warmth  than  the  linen. 

What  has  been  said  on  the  subject  of  clothing  in  general,  applies  with 
peculiar  force  to  underclothing,  as  coming  in  more  immediate  oimiact  with 
the  skin.  Linen,  it  is  safe  to  say,  shoiUd  never  be  worn  next  the  skin, 
tmless  under  certain  circumstances,  when  the  undue  sensitiveness  of  ihr 
cutaneous  surface  renders  its  employment  necessary.  '*  Gauze  **  under- 
wear can  be  procured  of  so  light  %veight  that  there  is  no  excuse  for  it* 
abandonment  even  in  the  heat  of  summer.  It  takes  up  the  perspiration, 
prevents  clamminess  of  the  skin,  and  guards  againM  sudden  chilling  of  thr* 
surface  after  profuse  perspiration.  Knit  underclothing  is  the  proper  wear 
for  most  persons  during  the  greater  part  of  the  year.  Delicate  individuab 
may,  however,  preferably  wear  Hunnel,  if  the  skin  li  not  too  senaitivA 
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The  fUiiucl  used  tii  underclothing  »hould  not  be  of  tno  fine  quality,  nor  of 
too  close  l«xturo,  or  frei^  trariHpiration  itmy  be  hindered.  It  bIiouM  not  be 
worn  when  it  chafes  and  rtjddens  the  nk'tiu  While  due  clmnges  in  weight 
and  thicknesB  of  underclotlnng^  may  be  made  in  accordance  with  the 
changing  aeuons,  care  must  be  taken  that  these  are  not  premature.  It  is 
better  to  suffer  from  an  cxcesii  of  clothing,  than  to  change  rashly  and  run 
the  risk  of  contracting  disease. 

7'oo  little  attention  is  paid  to  the  shape  and  form  of  clothing,  with 
reference  to  its  influence  upon  the  general  health.  It  would  seem  hardly 
neoew4ry  to  say  that  no  part  of  the  body  should  be  so  limited  and  com- 
preased  by  ihe  clothing  as  that  the  due  performance  of  its  functions 
should  be  interfered  with.     But,  unfortunately,  the  dictates  of  fashion,  or 

promptings  of  vanity,  lead  many  to  wear  clothing  of  such  a  shape  as 
noBt  inevitably  tu  give  rise  to  disease  or  deformit}'.  Perhaps  tlie  most 
"^mirious  article  of  dress  in  common  use  among  women  is  the  corset,  a 
garment  which,  in  spite  of  the  removal  of  some  of  its  worst  feature:?,  is 
still  the  prolihc  cause  of  numerous  ills.  I  shall  not  waste  words  in  rail- 
ing against  the  corset  ;  indeed  I  am  prepared  to  admit  that  as  a  support, 
in  the  case  of  obese  persons,  it  may  be  of  u^e.  Hut  when  the  corM^t  is 
worn  tightly  laced,  it  presses  downward  all  the  abdominal  viscera,  con- 
fines the  play  of  the  thorax,  aiid  interferes  greatly  with  the  movements  of 
the  diaphragm,  injuring  the  organs  of  digestion,  respiration,  and  circula- 
tion. Among  men  the  support  of  the  clothing  by  means  of  strajis  or  belt* 
is  likely  to  give  rise  to  trouble.  '*  Bracing  up,"  by  buckling  a  belt  tiglitly 
about  the  waist,  as  practised  by  school-boys  about  to  use  violent  exercise,. 
is  an  unsafe  procedure,  and  is  calculated  to  promote  the  occurrence  of 
rupture.  The  pressure  of  a  tight  cravat  is  injurious,  as  also  that  of  ii 
tight  garter,  which  is  sure  sooner  or  later  to  give  rise  to  varicose  veins  of 
the  leg.  The  full,  flowing,  and  long  skirts  often  worn  by  women,  even  in 
the  streets,  the  whole  weight  of  which  is  suspended  from  the  waist,  are 
pernicious  and  extremely  uncleanly.  The  Iwarers  of  these  trains  move 
under  an  encumbering  load,  which  renders  proper  exercise  for  the  linib.** 
impossible;  and  even  when  tlie  skirts  are  earned  In  the  hand,  they  are  ein< 
barrassing.  In  addition,  it  would  seem  incredible,  if  it  were  not  so  frc- 
tfuently  obaerve<l,  that  delicate,  and  in  most  resjwcts  fastidious,  women 
xhould  permit  their  clothing  to  sweep  along  and  gather  up  the  filth  and 
garbage  of  the  public  streets. 

There  are  certain  dye-stuffs  used  in  coloring  clothing  which  give  rise 
to  irritation  and  at  times  to  disease  of  the  skin.  Such  are  the  various 
ehailes  of  red  derived  from  aniline,  which  are  used  in  dying  stockings  and 
sumetimes  other  underclothing,  Nutnerous  cases  of  poisoning  from  gsr- 
inents  thus  dyed  have  been  recorded  In  the  medical  journals  during  the 
past  few  years.  Some  of  the  dyes  used  in  coloring  leather  are  likewise 
irritating  to  the  skin.  A  case  came  under  my  notice  a  few  years  ago  in 
which  a  band  of  blisters  around  the  ankle  occurred  in  a  young  woman 
who  had  worn  for  a  few  days  a  pair  of  shoes  lined  with  yellow  leather. 
The  action  of  the  perspiration  seems  to  arouse  the  poisonous  qualities  of 
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the  rfy<^,  a.nd  hucIi  g&nnents  nxay  be  worn  with  impunity  tf  not  in  itrnno- 
dittte  contact  with  the  skin.' 

Fabrics,  the  texture  o{  which  is  coarse  and  the  surface  roughs  may 
prove  irritating  to  a  liigh  degree.  The  popularity  enjoyed  by  red  flannel 
as  a  covering  in  various  ailments  is  dependent  in  no  small  meaauns  on  the 
stimulant  effects,  upon  the  skin,  of  its  rough  surface  ;  its  color  goM  for 
little  or  nothing.  Eruptions  arr  not  unfrequently  caused  upon  delicate 
ekins  by  the  contact  of  irritating  underclothing.  Chafing  between  the 
thighs  is  often  due  to  the  irritation  of  woollen  materials,  together  with  the 
saline  particles  from  evaporated  perspiration.  Bathers  at  the  sea-shore, 
whose  coarse  flantipl  suits  hocome  saturated  with  sna-water,  are  apt  to  find 
great  irritation  result  from  even  a  little  exercise  on  the  beach;  the  threadi 
of  Iho  rough  flannel  rapidly  become  crusted  with  6ne  apiculip  of  crystal- 
*  line  salt,  which  cut  into  the  skin  with  a  thousand  microscopic  edge*  at 
everj-  step.  Many  a  case  of  so-called  "poisoning"  of  the  skin  from  hired 
bathtiig-clothea  is  nothing  more  than  an  intense  irritation  of  the  surface 
by  this  rough  clothing.  To  prevent  such  irritation,  a  pair  of  cotton  swim- 
ming-drawers may  be  worn;  but  it  may  occur,  under  the  conditions  men- 
tioned, just  as  well  in  using  private  as  public  bathing  suits. 

There  is  some  difference  of  opinion  as  to  the  (change  of  clothing 
necessary  at  night;  and  this  may  safely  be  loft  to  indivi<lual  taste  anil 
experience.  Tt  ia  generally  agreed,  howex'er,  that  the  clothing  worn  at 
night  should  be  loose,  easy-fitting,  and  light.  To  this  end  the  bed-room 
should  not  bo  too  cold.  There  is  a  widespread  delusion  among  othcr- 
wiao  intelligent  people  to  the  effect  that  cold  air  ia  necessarily  fresh  air. 
But  this  is  far  from  true;  a  bed-room  into  which  a  gentle  current  of 
fresh  and  wanned  air  has  been  passing  the  night  long  is  much  more  likely 
to  be  free  from  foul  air  in  the  morning  than  tlie  same  room  with  all 
heat  turned  off  and  hermetically  closed.  There  is  also  much  less  danger 
of  catching  cold  in  a  slightly-warmed  l)ed-room  while  dressing  and  un- 
dressing. If  the  atmosphere  of  the  bod-rwim  is  too  cold,  an  extra  quan- 
tity of  covering  must  be  placed  upon  the  bed,  tending  to  impede  thr 
free  breathing  of  the  sleeper,  and  to  prevent,  to  some  extent,  ready 
transpiration  from  the  skin.  Many  persons  who  wear  woollen  material 
next  the  skin  through  the  day  arc  accustomed  to  substitute  linen  or  oot- 


'  The  foIIowUig^  1>Q]  was  iotrodnoed  into  the  New  Tork  lofriiilataro  daring  its  lait 
wnioa  : 

SxcTioff  1.  Any  person  who  shall  maoufaoture  for  sole,  or  wh<i  shall  knowinglT* 
Mill  or  permit  to  be  euld  by  anotht'r  for  hJJi  beapfit  any  poiwaetl  or  poisoDUUs  good*  or  ' 
g&nuentA  injarioos  or  dangeroui)  to  health.  BbAl),  for  every  such  (ifTonct*,  be  adjudged 
giitlty  of  a  inindome^or. 

Sec.  2.  Anr  peraon  injured  by  or  in  conseq^ienoe  of  poisoned  or  poisoaooa  goods 
or  garmentn.  nhall  have  a  right  of  action  againat  tba  pcrwrn  or  potsoma,  Bn»,  oMOida- 
tion.  or  corporate  body,  by  or  for  whom  raoh  goods  or  garments  war«  moaa&ctored  or 
Molii,  for  oil  damsgoit  Huntiuiied,  and  far  oxcmploiy  damages. 

8kc.  3.  On  the  trial  of  any  aoUon  authoritcd  by  this  aot,  proof  of  the  mantifBCturv 
or  sale  of  poisoned  or  poisonoos  goods  or  garments  Hholl  be  preiiamptive  evidenoe  nf 
knowledge  br  the  party  pro(iecut«d  of  auch  polsoood  or  poioonooa  oondiilaa. 


TUB   CARE   OF   TILE    PERSON. 


883 


ton  underclothing  at  night.  I  think  this  unadvisahlp,  as  the  change  is  too 
frrcat.  The  same  underclothing  shmild  not  b^  wnrn  day  and  night.  A 
fresh  garment  should  be  worn  next  the  skin  while  in  bed;  and  the  day 
garment,  if  not  cast  off  as  soiletl,  should  be  thoroughly  aired  through  the 

r  night.  The  night-gown,  or  bed-gown,  should  bo  preferably  made  of  cot- 
ton, loose,  especially  about  the  neok,  and,  in  winter,  quite  long,  as  the 
pet  and  legs  demand  special  protection  from  cold  during  tho  night. 
T^^cAt. — The  subject  of  beds  and  bedding  demand  more  attention  than 
is  usually  given  them.  "We  spend  about  one-third  of  every  twenty-four 
hours  in  bed;  and  the  conditions  connecteil  with  perfect  and  healthy  repose 
should  be  the  object  of  serious  consideration, 
In  this  country  tho  bedstead  is  usually  of  wood,  more  rarely  of  metaL 
A  wrought-iron  or  brass  bedstead,  of  thoroughly  good  construction,  is  per- 
haps the  best  for  general  use:  it  Is  lighter  and  more  easily  handled,  and 
I  is  noi  so  likely  to  harbor  duat  or  vermin.  It  should  be  placed  upon  easily 
rolling  csstors,  in  order  thakit  may  readily  bo  moved  about  and  exposed 
10  the  air;  for  it  is  an  ordinary  experience  of  housekeepers  that  clumsy 
and  heavy  pieces  of  furniture  are  not  cared  for  and  kejit  clean  as  they 
shuuld  be  by  servants.  No  articles,  of  whatever  kind,  should  be  kept 
under  the  bed.  To  prevent  this,  it  is  a  good  plait  to  tuok  in  the  bed- 
clothes, or  at  least  not  to  let  them  hang^  down  too  near  the  floor.  Tho 
old-faehioned  "  valence,"  which  has  recently  begun  to  come  into  uae 
again,  is  to  be  condemned,  in  spite  of  its  neat  appearance,  as  favoring 

•  the  concealment  of  odds  and  ends  beneath  the  bed.  Bed-curtains  have 
also  recently  again  come  into  limited  employment,  but  are  ordinarily  put 
up  rather  with  a  view  to  picturestjuencss  thun  for  comfort's  sake.  They 
were  formerly  employnd  to  protect  the  sleeper  from  cold  currents  of  air; 
bin  in  a  comfortable,  modern  bed-room  they  are  mere  worthless  dirt- 
catchers,  lacking,  however  fine  in  material  or  adornment,  the  first  essential 
o/  beauty  in  furniture — usefulness.  Bod-curtains  of  woollen  or  silken 
stuffs  may  also  afford,  on  occasion,  a  resting-place  for  germs  of  infection. 

The  matrass  should  be  made  of  elastic  material,  not  giving  way  too 
easily  and  sinking  into  hollows  in  places,  but  supporting  the  body  at  all 
jKjtnts.  For  the  very  young  and  old,  niatrsHseb  should  be  made  of  warmer 
nmterials  than  for  those  of  middle  age.  The  materials  ordinarily  used 
for  matrasses,  stated  in  the  order  of  their  increasing  power  for  retaining  the 
warmth  of  the  body,  are  as  follows:  1.  Straw.  2.  Corn-husks,  or  palm- 
fibrea.  3.  Paper  shavings.  4.  Sea-moss,  or  Florida-muss.  5.  Cotton- 
flock.       C.   Hair.     7.  Wool     8.  Feathers.     9.  Down. 

Formerly  tho  matrass  w&s  simply  a  bag  of  feathers,  and  later  Whs 
made  of  corn-husk.<t,  straw,  etc.  At  the  present  day,  however,  the  hair 
matrass  is  most  widely  used,  and,  when  attainable,  is  to  be  preferred  above 
other  kinds.  It  should  be  made  of  the  best  black  horsehair,  carefully 
Hti'sined  (lest  it  should  harbor  a  minute  moth,  which  is  Aaid  to  infest  the 
natural  hair),  and  curled.  Tho  elasticity  of  the  hair  matrass  is  remarkably 
persistent,  and  It  may  be  re-steamed  and  twisted  from  time  to  time,  last- 
ing a  number  of  years.     The  hair  luatraBS  is  not  too  warm  for  ordinary 
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use:  it  docs  not  provoke  p<?rspiratton,  as  the  featlier  matnus  docs,  often  to 
an  uncoinfortah!i>  rlegrcc.     On  the  other  hand,  it  is  sufficiently  wann  even. 
for  old  persons,  excepting  In  cold  weather,  when  a  down  eomfortt^r  can  \m 
laid  over  it.      Souielimes  a  tjuaiitity  of  inferior  material,  au  husk,  is  cov^ 
ered  with  a  layer  of  hair,  inakiug^  a  reasonably  comfortable  matrass,  and! 
formerly  it  was  the  custom  tu  place  a  husk,  straw,  or  sponge,  matrass  U{>'>fi4 
the  l>t?d-franie  and  to  lay  the  hair  matrass  upon  that.    Of  late  yeara  spring 
matrasses  have  been  substituted,  the  frame  containing  the  springs  fitting  1 
to  the  bedstead,  and  the  hair  matraas  lying  directly  upon  it.     Of  the 
f^reat  variety  of  spring  matrasses  in  the  market,  two  have  proV€?<l  pre-j 
emuiently  satisfaetory.     Onp  of  these  is  known  as  the  "Tucker  uialrass.''^ 
It  ia  conipose<l  of  a  frame  cuutaining  longitudinal  slats  which  are  sup* 
ported  at  each  end  by  springs.      The  weight  of  the  body  is  so  evenly  di»- 
Iributet),  that  it  never  cau.«es  an  undue  strain  upon  any  single  spring,  and, 
lionsequeiilly,  these  mairasAes  are  very  durable.      They  can,  moreover,  be 
easily  repaired,  and  any  woni-out  spring  can  be  replaceti      The  '*  wu^nn 
wire  matrass,"  when  of  the  best  make,  is  perhaps  as  nearly  perfect  as  any 
form  of  spring  matrass  yet  devised.     It  is  con»i>osed  of  galvanized  wire, 
**  woven  "   into  an   open-work  sheet,   but   with    the  wires   of    each    nii'sli 
curved,  so  as  tu  give  an  innumerable  number  of  E-mail  and  very  elasiiu 
pprings.      It  has  been  complained  uf  these  matrasses  that  they  are  liable 
to  sag  under  the  weight  of  heavy  people;  but  I  am  informed  by  truiit- 
worthy    i>er»ons   that,  when  made    nf    the  best  material,  they  are   vcryJ 
durable,  and  they  are  certainly  very  luxurious.      A  very  cool  bed  for  thai 
t>ummer  season  may  be  made  by  covering  the  woveu  wire  with  a  coverlet 
or  very  thin  hair  matrass. 

Pillows  are  variously  made  of  feathers,  hair,  spongt\  etc. :  oocaaionally 
rubber  air-j)illow8  are  employed.  Many  pi;rsfni.«  cannc»t  slnc]>  on  fcatlH^j[ 
pillows,  either  because  they  heal  the  heatl  unduly,  or  iwcautie  of  somrcuu- 
slitutional  irritability  of  the  air-passages,  giving  rise  tu  asthma  from  i\\v 
«-manations  of  the  feathers.  Hair  pillows  are  very  suitable  for  such  jMr- 
Buns,  and  also  for  children  whose  heails  ]>erapirc  readily. 

The  proper  and  usual  material  for  sheets  and  pillow-cases  is  linen. 
Cotlun  is  only  appropriate  in  the  case  of  persons  so  easily  chiUeil  as  to 
feel  cold  between  liueu  sheets.  ^ 

Blankets  should  be  aiUwcjol  and  of  the  best  quality.  On  the  jirincipla 
stated  above,  several  thin  blankets  are  warmer  than  a  single  tln<tk*'r  ori« 
of  equal  weight.  The  eider-down  coverlet  is  one  of  iho  warmest  and  at 
the  same  time  the  lightest  of  idl  coverings;  its  effects  are  insidious,  how- 
ever,  and  in  the  case  of  invalids  should  be  watchet);  it  is  apt  to  throw  the 
sleepier  into  a  violent  perspiration.  The  nld-fasbioned  coverlet  of  quiUrnl 
cotton,  which  is  still  a  favorite  bed-covering  in  country  districts,  i&  one  of 
the  worst  which  can  be  imagined;  it  combines  the  maximum  of  wriglit 
with  the  mininmm  of  warmth. 

Beds  should  be  carefully  aired,  daily.  Tliis  may  seem  to  some  att  un- 
necessary piece  of  advice,  yet  it  is  far  otherwise,  for  if  this  part  of  house- 
btild  work  be  left  to  servants  it  is  not  likely  to  be  well  attended  tu.      Kach 
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rovQring  of  a  ImmI  wliirh  has  been  sUpt  in  shonlfl  be  retnoretlf  tlie  matrass 
doubled  over,  the  i)lllow8  beaten,  aiu]  the  whole  of  tlio  bed  gear  exposed 
to  fresh  air  for  at  luasl  an  hour  evury  morning.  Otherwise  the  clHuvia 
thrown  oft  by  the  body  throujrh  the  night  cannot  properly  be  removed. 

'Pht /tet. — Among  the  different  parts  of  the  person  requiring  especial 
mention  with  reference  to  their  care,  tlie  feet  are  perhaps  the  most  im- 
{tortant.  Xo  portion  of  the  Ixuly  is  more  abused  arid  nfglwled,  and  few 
parts  have  suffered  more  woefully  at  the  bidding  of  fashion  and  vanity. 
Composed,  as  the  foot  is,  of  a  delicate  but  wonderfully  firm  and  clastic 
tiasue  of  bones  and  tendons  arranged  in  the  form  of  an  aroh,  so  as  beat  to 
ftupport  the?  weight  and  to  liistribute  the  shonk  of  jumping,  walking,  etc,, 
it  is  evident  that  the  less  its  niuvetnent^  are  hampered  tlic  mure  graceful 
must  be  the  carriage  of  the  individual  and  the  less  the  danger  uf  deformity 
and  disease  If  a  healthy  foot  is  planted  Brinly  upon  the  ground,  it  will 
b«  8e«n  that  the  great  toe  lies  in  a  line  with  the  inside  of  the  foot,  while 
tbe  others  lie  evenly  in  a  row,  t-auh  one  barely  touching  its  neighbor,  and 
the  outline  of  the  whole  member  as  different  from  that  of  an  ordirtary 
ahoe  as  can  be  imagined.  U  is  not  too  much  to  say  that  in  the  '*  neatly- 
fitting  *'' shoe,  aa  ordinarily  worn,  one  or  more  of  the  toes — and  usually 
fteveral— nmst  of  iM'ce>sity  rUle  the  others.  As  a  result,  we  have  not  only 
<Y)mfi  and  bunionu,  but  occasionally  the  moat  grotesque  deformities.  To 
preserve  the  natural  shape  of  the  foot  as  nearly  as  possible,  the  shoo  must 
be  rightly  shaped — that  is,  in  accordance  with  the  proper  outline  of  the 
foot, — it  must  fit  closely,  neither  tightly  nor  loosely,  and  it  must  be  made 
of  pliable  and  soft  leather.  In  addition,  the  feet  must  receive  regular 
Rare;  they  must  be  bathed  frequently,  the  nails  kept  well  trimmed,  and 
any  abnormally  thick  skin  scraped  away  to  prevent  the  formation  of  f:al- 
loatliee.  Shoes  made  upon  what  is  called  the  *'  Waukenpliast "  model  are 
the  best  and  most  perfectly  devised,  with  reference  to  their  adaptability 
to  the  natural  shape  of  tbe  foot,  of  any  at  present  made.  They  can  now 
be  procured  of  shoemakers  in  all  our  large  cities,  and  are  very  generally 
worn  by  those  intelligent  members  of  the  community,  both  men  and  women, 
to  whom  comfort  and  appropriateness  are  the  6rst  requisite  in  matters  of 
dress.  Closely  connected  with  the  shape  of  the  shoe  itself  is  that  of 
the  heel.  This  is  almost  invariably  too  small,  usually  too  high  and  not 
unfrequently  misplaced.  The  size  of  the  heel  may  vary  somewhat  accord- 
ing to  the  weight  of  the  individual;  for  men  it  should  be  very  nearly  as 
targe  as  the  ball  of  the  heel  itself.  It  should  not  be  more  than  three- 
fourtJm  of  an  inch  high  and  should  be  pluied  well  back.  In  women*8 
shoes  the  heel  is  almost  always  too  small  and  invariably  placed  too  far 
forward.  When  the  hoe!  is  too  high  the  foot  is  pressed  forward  by  the 
weight  of  the  body,  and  the  toes  are  forcibly  compre5.scd  tnto  the  funnel- 
ahaped  point  of  the  shoe,  the  nails  are  driven  backward  or  curved  out  of 
shape,  and  the  severe  malady  kriown  us  ingrown  t<>e-nuil  is  not  seldom 
tlic  result.  Hei'ls  placed  too  far  forward  break  the  spring  of  the  pedal- 
arch,  and,  as  if  one  placed  a  block  of  ivood  under  the  spring  ot  a  carriage, 

every   jolt    is   transmitted   without   any   mitigation  to   the  whole  frame. 
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Witli  high  hoels,  Utr  &train  on  the  miklc-joint  of  miy  slij^ht  deviation  fmoi 
the  perpetidiciitiir  is  felt  much  more  tttrungly,  iiiid  therp  ik  a  tendoncr  to 
easily  spraiit  tho  aaklo.  Thi*  ^it  of  n  person  w^Aring  high-hoplcni  sho«i 
is  tottering  mid  ungainly,  as  may  be  iioticod  even  at  a  diatanne  and  by 
tho  nnpraflispd  cvfi. 

Shoos  should  not  be  made  of  hard  or  unyielding  material,  but  of  tha 
softest  and  most  pliable  which  can  Up  obtained.  The  sole  should  not  be 
very  thick,  aa  this  prevents  due  l)cnding  in  Avalking  and  tires  the  pedei- 
trian  unconsciously.  The  best  form  of  shoe  is  tho  tic;  clastic  gaiters, 
though  convenient,  can  never,  after  tho  first  few  times  of  wearing,  6t 
enugly.  Uigli  boots  are  iiiadinissililo  ;  tliey  comprise  a  i^uanlity  of  us»f- 
leas  leather,  whicli  kecpa  llic  log  in  a  perspiration  and  prevents  due  venti- 
lation about  the  foot.  They  never  can  be  made  to  fit  closely  around  the 
ankle  and  instep  without  being  too  tight,  l^hey  are  apt  to  chafe  the 
heel.  Rradv-made  shoes  are  an  abomination,  and  should  never  be  worn. 
The  smnll  economy  in  purchasing  such  shoes  is  more  than  coitnterbalanced 
by  the  diseomfort  anrl  injury  which  they  inflict.  A  well-mndc  shoe  should 
fit  so  comfortably  that  it  may  be  worn  continuously  \nm\  the  time  it  is 
first  put  on.  To  "  break  in  "  a  pair  of  ill-fitting  shoes  at  the  expense  of 
the  feet  is  to  voluntarily  repent  the  cruelties  of  fabled  Procrustes  upm 
one's  own  llesh  and  blood.  The  best  form  of  shoe  for  every-day  use  is 
that  known  as  the  "Balmoral,"  whinh  covers  tho  nnkle-joint  and  fits 
snugly,  in  consequence  of  the  strings  with  which  the  pressure  can  every- 
where bo  regulated  and  equalized.  Those  parts  of  tlie  foot  whiolt  nt»ed 
full  play  ai-e  thus  allowed  to  move  freely,  while  about  the  ankle,  where  the 
tendons  lie  close  to  the  bone,  the  shoe  can  he  securely  fastened.  Chil- 
dren are  sometimes  caused  to  wear  their  shoes  on  alternate  feet*  with  the 
view  of  preventing  running  down  at  (he  heel.  This  custom  is  extremely 
periiiciou?*.  Shf>e>i  should  not  be  Hlli>wed  to  wear  d«twii  on  one  «ide  or  thf 
other  without  being  reinforced  in  good  time.  This  tendency  to  wear 
down  on  one  side  is  usually  in  proportion  to  the  height  of  the  he*!;  some- 
timi^'S  it  appears  to  be  due  to  some  peculiarity  of  shape  in  the  foot  itself. 
A  skilful  stioeniaker  can  often  obviate  this  by  altering  slightly  the  shap« 
of  the  shoe. 

Ill-shaped  stockings  sometimes  aid  in  deforming  the  feet.  The  stock- 
ing, while  t1  should  not  he  so  large  as  to  lie  in  wrinkles  over  the  foot ' 
and  ohafe  it  in  walking,  should  be  long  and  wide  enough  to  give  the  toe*! 
full  piny.  Most  stockings  are  pointotl  at  tho  toe,  and  are  for  this  reason 
iU-ghapF>d.  Stockings  are  sometimes  woven  larger  at  the  toes  than  usual: 
such  are  to  be  preferred  when  they  can  be  procured.  A  stocking  divided 
f.»r  the  toes,  or  at  least  for  the  great  toe,  has  often  been  suggested,  and 
has  indeed  been  worn;  it  would  seem  to  be  a  salutary  shape. 

A  sheet  of  india-rubber  is  sometimes  placed  between  the  layers  of 
leather  in  the  soles  of  shoes  in  order  to  aid  in  keeping  the  feet  dry. 
Occasionally  felt  or  cork-soles  are  placed  within  the  shoe  with  the  same 
object.  Tiicro  is  no  objection  to  the  use  nf  these  if  they  do  not  supplant 
the  rubber  overshoe,  which  should  always  be  worn  in  wot  weather,  and 


THE   CAKE   OF  THE    PERSON. 


387 


especially  In  the  »now.  Too  often  Indien  go  wilhcmt  overshoes  in  damp 
and  wot  weather,  relying  on  the  thicknps.H  of  tho  Holes  of  their  ahoes,  and 
exposing'  themselves  to  unnecessary  risk  in  order  to  avoid  the  crainpin<{ 
feeliug  given  by  overshoes,  and  to  preserve  the  neat  appearance  of  the 
feet. 

The  proper  care  of  the  feet  demands  that,  under  ordinary  circum- 
stances and  with  the  usual  conveniences  at  harid,  they  should  bo  hathefl 
every  evening  in  cool  water  before  retiring'  This  is  the  more  essential 
in  hot  we-athtT  or  when  the  feet  tend  to  undue  pempiration.  In  the  latter 
case  alcohol  and  cold  water  shouM  he  eniplnyed.  Hot  water  and  soap 
should  not  be  useil  when  excessive  perspiration  of  the  feet  exi»ls,  as  they 
tend  to  agjiravate  the  condition.  VN'Iien  a  foot*bath  cannot  be  obtainedf 
the  fcot  may  l>c  rubhoJ  off  with  a  little  acidulated  or  astrin^nt  water. 
Kven  dry  frictions  with  a  soft  towel  are  of  use  in  reniovtnjf  the  aceiitnu- 
lated  i>erspinitory  matter  and  efTete  scarf  ski[i.  The  tue-nuiU  should  be 
out  reg'ularly  and  carefully,  otherwise  they  are  pressed  upon  by  the  shoe 
and  may  become  distorted  or  grow  under  the  akin  surrounding  them. 
The  skin  about  thi?  too-nniU  should  be  carefully  pressed  hark  from  time 
to  time,  or  it  is  apt  to  become  stretched  and  tear.  When  callous  patches 
begin  to  form  on  any  part  of  the  footf  they  should  be  taken  in  hand  at 
once.  If  the  shoe  presses  or  rubs  at  that  point  it  should  be  enlarged  or 
changed,  and  the  foot  being  well  soaked  in  warm  water,  the  ralloaitics 
should  be  rasped  with  a  file  or  scraped  with  a  dull  knife  every  evening 
until  they  are  removed.  Corns  and  bunions  shuuld  not  form  when  prop- 
erly shaped  shoes  are  worn.  When  corns  do  occur,  the  same  method  of 
removing  them  should  be  pniclised  as  in  the  e^so  of  catloRities,  or,  if  they 
are  inveterate,  the  services  of  a  competent  clnropodist  should  bo  80ii;^ht. 
Uc|)eated  soaking  and  scraping,  relief  from  pressure  by  diachylon  or 
annular  "  oorn-plajft^rs,"  with  frequent  change  of  shoes,  will  usually  suf- 
hce,  however,  to  remove  all  but  the  most  obstinate.  Bunions  belong  to 
the  care  of  the  surgeon;  they  should  not  bo  trifled  with.  Corns  shuuld 
be  treated  with  great  care  under  any  circumstances,  and  should  never  bo 
cut  with  a  razor  or  sharp  knife.  Scarcely  a  year  pusses  wiiliout  an  ac- 
countf  in  the  medical  journals,  of  death  by  tetanus,  or  *'lock*jaw,*^  as  the 
result  of  indiscreet  corn  cutting. 

The  han<h. — The  care  of  tho  hands  demafids  some  notice.  During  the 
summer  the  Irands  are  usually  supple,  inuist,  and  in  good  condition,  and 
require  little  attention  beyond  cleanliness.  In  cold  weather,  however,  tho 
hands  of  most  persons  tend  to  dry,  crack  and  fhap,  unless  lakt-ii  ^are  of. 
To  prcvenL  this  occurrence,  cold  water  should  alone  be  used  in  washing 
(he  hands,  and  soap,  sparin;jrly  or  not  at  all,  unless  when  absolutely  re- 
quired. The  hands  should  (it>t  b4>  wiislii'd  just  before  gf^iinu"  cut  of  doors. 
If  this  must  be  done,  a  small  quantity  uf  cosmoline  should  be  rubbed  into 
ihe  skin  to  prevent  the  action  of  the  cold  air.  Gloves  should  always  bt? 
worn  in  cold  weather,  and  preferably  they  should  be  made  of  skin,  as  kid, 
dog-skin,  castor,  buek-Hkin,  etc.  Silken  or  woollen  gloves  are  more  apt 
to  give  rise  to  chapping.     When  the  hands  for  any  reason  have  become 
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cfa&ppod,  they  should  be  anointed,  on  retiring,  with  some  emollient,  aa 
perfumrd  tallow,  rosp  ointment,  etc.,  and  gloves  worn  over  ni^ht.  In 
the  tnurniag  the  hands  should  be  wiped  off — not  wn^he*^!. 

The  tinger-naiLs  should  always  be  kept  well  trimmed  and  smooth,  and 
thti  skin  pusliod  back  about  their  roots,  to  prevent  the  occurrence  of 
annoyin}:^  "hangnails."  The  length  of  the  nails  should  be  moderate, 
neither  too  long  nor  very  short,  and  their  edges  should  be  smoothly 
rounded.  Long  nails  are  receptacles  for  all  kinds  of  dirt,  and  cannot  bo 
kept  properly  cleaned:  they  are  also  liable  to  spliL  Very  short  nails  fail 
to  protect  the  ends  of  the  fingers,  which  are  apt  to  become  mi:i-shaped 
and  clubbed  in  time. 

The  mouth. — ^The  care  of  the  mouth  involves  something  more  than 
merely  the  due  cleansing  of  the  teeth.  The  mouth  is  too  often  made  the 
receptacle  of  articles  of  the  most  varied  kind,  which  had  better  be  plaoed 
almost  any  where  else.  The  tongiio,  tuo,  is  abused  in  the  same  way,  in  being^ 
made  to  perform  functions  for  which  it  was  never  intended,  and  is  conse* 
quenlly  exposed  to  numerous  unnecessary  dangers  and  injuries.  The 
delicacy  and  thinness  of  the  integument  lining  the  lips  and  mouth  and 
covering  the  tongue  permit  the  abaor|ition  of  matters  placed  in  contact 
with  tins  membrane,  which  would  not  afTect  other  and  more  exposed  parts 
of  the  general  surface.  The  danger  from  this  source,  csj)ecially  in  the 
matter  of  contagion  from  certain  diseases,  is  not  altogether  imaginary. 
No  one  who  lias  been  carefully  broufjht  up,  or  who  is  not  extremely 
careless  in  hia  porsonul  habita,  will  plaoc  in  the  mouth  coins  or  other  cur- 
rent property  which  i>asses  from  hand  to  hand  among  all  kinds  of  people. 
AVlicn  one  has  just  seen  a  sheet  of  postage-s Lamps  shoved  across  a  dirty 
counter,  on  which  all  kinds  of  paper  and  metui  coin,  and  many  dirty  hands, 
have  been  laid,  one  is  loth  to  apply  the  delicate  tip  of  the  tongue  to  moia- 
ten  it.  Hut  there  arc  other  points  uf  contact,  to  some  of  which  allusion 
Deed  merely  bo  made,  in  whioh  pro[ior  caro  of  tho  person  would  suggeal 
caution.  The  handles  of  street-cars,  books  in  public  libraries,  etc.,  aro 
touched  by  everyone, Iiigh  and  low,  cleanly  end  dirty.  If,  therefore,  one 
touches  anything  of  the  kind  without  gloves,  one  should  bo  very  careful 
not  to  put  tho  fingers  near  the  mouth  without  washing.  The  only  aafo 
rule,  in  fact,  is  to  bo  as  cArcful  of  tho  hands  as  if  one  were  a  dentist;  never 
to  put  them  near  tho  mouth  without  having  just  washed  them.  This  pre* 
caution  may  seem  an  unnecessary  requirement;  but,  although  the  danger 
is  small, yet  the  consequences  of  possible  contagion  are  so  terrible,  that  iL 
may  well  be  jiidgrd  adviwible  to  take  every  precaution  in  tlie  manifold 
contacts  of  our  daily  life. 

Attention  has  recently  been  called  to  tlic  dangers  lurking  in  a  rcry 
unsuspected  place,  namely,  the  covers  of  children's  l>ooks.  These  •one- 
times derive  their  brilliant  coloring  from  jKiisonous  dyes,  which  arc,  to  % 
certain  degree,  soluble,  espocially  in  the  fluids  of  the  mouth,  and  may 
easily  bo  absorbed  by  children  in  handling,  and  jM-rhaps  (tucking,  th<* 
covers. 

'Hie  care  of  tho  teeth  should  begin  at  an  early  agn;  aiid  parenta  should 
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carefully  iiiHtil  good  littbit«  iii  this  respect  into  their  children.  The  period  of 
shedding*  of  the  temporary  teeth,  and  their  replacement  by  the  permanent 
set,  lasts  usually  from  about  the  seventh  to  about  the  tliirtoonth  year.  It  is 
a  critical  epoch  for  the  teeth;  and  not  onlyshoiiUi  the  most  Hcnipulous  at- 
tention to  cleanliness  on  the  child^s  part  be  exacte*!  by  the  parent,  but  tho 
aid  of  a  competent  dentist  should  be  secured,  under  whose  supervision  the 
child  should  be  placed,  and  to  whom  regular  visits  should  be  in&de  for 
inspection.  I  think  there  is  no  doubt  that  many  eaaos  of  d«eayed  and 
dcfomietl  teeth,  even  among  intelligent  people,  occur  simply  from  earlv 
neglect.  The  temporary  teeth  must  be  removcfl  in  duo  time,  llio  pemm- 
iient  ones  trained  to  fill  their  proper  places,  and  contact,  with  the  certain 
resultant  decay,  prevented.  The  severe  suffering  whit^h  children  often 
undergo  with  their  decaying  teeth  is  largt'ly  unneci-ssary,  and  can 
generally  be  prevented  by  due  care  and  utteiition  on  the  part  of  the  par- 
ents. 

Properly,  tho  teeth  should  be  cleaned  on  rising",  on  retiring,  and  after 
each  meal.  It  is  in  fact  more  important  to  olcansi^  them  after  eating  and 
before  retiring  than  in  the  morning,  since  particles  of  (cmd  are  sure  to  re- 
main between  the  teeth  after  a  meal;  and  whatever  may  happen  to  be  be- 
tween the  teeth  on  retiring,  rests  there  all  night.  A  soft  brush  should  be 
employed,  since  a  stiff  one  wounds  the  gums,  and  causes  thorn  to  retract,  and 
II  should  be  used  either  with  water  alone,  or  olsn  first  dipped  in  a  littlo 
procipitiitcd  chalk,  with  which  orris-root  may  be  mixed  to  give  an  agree- 
able perfume.  White  castilo  soap  may  also  be  used  to  advantage  at  times. 
No  further  dentifrice  is  required;  and  such  as  contain  cuttle-fish  bone, 
charcoal,  or  pumico  are  injurious  to  a  high  degree  to  the  enaniel  of  the 
teeth.  As  a  mouth-wash,  a  little  tincture  of  myrrh  dropped  into  a  glass 
of  water  is  aromatic  and  astringent,  and  is  beneficial  when  tho  gums  are 
spongy  and  tend  to  bleed.  All  further  additions  to  the  toilet  of  the 
teeth  are  purely  cosmetic  in  character,  and  do  nut  come  under  considera- 
tion here, 

77*«  hair, — ^Tlie  management  of  the  hair  in  health  is  a  simple  matter. 
The  first  requisite  is  cleanliness.  The  epidermis  of  the  scalp,  like  that  of 
the  body,  is  constantly  being  thrown  off,  and  must  be  removed,  while  the 
glands  of  tho  scalp,  particularly  the  oil  glands,  are  very  active,  constantly 
pouring  out  their  secretion,  which  spreads  along  the  hairs  by  capillary 
attniction,  serving  to  lubricate  them  and  keep  them  in  a  glossy  cotidition, 
but  at  tho  same  time  rendering  them  particularly  liable  to  cutch  dust  and 
flouting  particles.  The  best  metbod  of  keeping  tho  scalp  and  hair  cleaii 
and  in  good  condition  is  to  brush  them  frequently  and  thoroughly  with  a 
soft  brush.  The  scalp  should  be  brushed — not  merely  the  hair.  A  barber 
^of  experience  said,  "One  cannot  brush  the  iiair  too  little  or  the  scalp  too 
nuch."  Bnishing  stimulates  the  growth  of  the  hair,  and,  where  this  is 
dry,  tenils  to  induce  proper  action  of  the  oil-glands.  It  is  much  Iwtter 
for  this  purpose  than  the  use  of  pomades,  which  should  only  be  employed 
In  case  of  such  persistent  dryness  of  the  hair  as  prevents  its  being  prop- 
erly dressed.     Persons  whose  hair  is  short,  as  children  and  men,  derive 
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especially  in  the  snow.  Too  often  ladles  go  witliout  overnhoefl  in  dATnp 
and  wot  weather,  relying  on  the  thickness  of  the  soles  of  their  shoes,  uikI 
exposing  themselves  to  unnecessary  risk  in  order  to  avoid  the  crumping 
feeling  given  by  overshoes,  and  to  preserve  the  neat  appearance  of  tlie 
feet. 

The  proper  care  of  the  feet  demands  that,  under  ordinary  cirouni- 
stances  and  with  the  usual  conveniences  at  hand,  they  should  be  bathetl 
every  evening  in  cool  water  before  retiring  This  is  the  more  casentiiii 
in  hot  weather  or  when  the  feet  tend  to  undue  jierspiration.  In  the  latter 
case  alcohol  and  cold  water  should  be  employed.  Hot  water  and  soap 
should  not  be  used  when  excessive  perspiralioii  of  the  feet  exists,  as  they 
tend  to  aggravate  the  condition.  \\'hen  a  foot-bath  cannot  be  ubtainod, 
the  feet  may  bo  rubbi-d  oft  with  a  little  acidulated  or  astringent  water, 
Kven  dry  frictions  with  a  soft  towel  are  of  u»n  in  removing  the  accumu- 
lated perspimtory  matter  and  effete  scarf  skin.  The  toe*nails  should  be 
cut  regularly  nnfl  carefully,  otherwise  they  ore  presswl  upon  by  the  shoe 
and  may  bcconie  distorted  or  grnw  under  tin-  Mkiii  siiri-ounding  tlieiu. 
Tiie  skin  about  the  tof-iiails  shouhl  be  carefully  preflaetl  back  from  time 
to  lime,  or  it  is  apt  to  become  stretched  and  tear.  When  callous  patches 
begin  to  form  on  any  part  of  the  foot,  they  should  be  taken  in  hand  at 
once.  If  the  shoe  presites  or  rubs  at  that  point  it  should  be  enlarged  or 
changed,  and  the  foot  being  well  soaked  in  warm  water,  the  callosities 
should  be  rasped  with  u  file  or  scraped  witli  a  dull  knife  every  evening 
until  they  are  removed.  Corns  and  buntons  should  not  form  when  prop- 
erly shaped  shoes  arc  worn.  When  corns  do  occur,  the  same  method  of 
removing  them  should  be  prncliscd  as  in  the  case  of  callosities,  or,  if  they 
Htw  inveterate,  the  services  of  a  cutnpetent  cliiropodlst  should  be  sought. 
tEepcated  soaking  and  scraping,  relief  from  pressure  by  diachylon  or 
annular  "  com-plastors,"  with  frequent  change  of  shoes,  will  usually  suf- 
tice,  however,  to  remove  utl  but  tlie  most  obstituite.  Bunions  belong  to 
the  care  of  the  surgotm;  they  should  not  be  Iritli^d  with.  Corns  should 
be  treated  with  great  care  under  any  circumstances,  and  should  never  be 
cut  with  a  razor  or  sharp  knife.  Scarcely  a  year  pusses  without  an  ao- 
ccunt,  in  the  medical  journals,  of  death  by  tetanus,  or  "lock-jaw,"  as  tho 
result  of  indiscreet  corn  cutting. 

TAe  /larKh. — The  care  of  the  hands  demands  some  notice.  During  tho 
summer  the  hands  are  usually  supple,  moist,  end  in  goot^l  condition,  and 
require  little  attention  beyond  cleanlineas.  In  cold  weather,  lioivever,  the 
hands  of  most  persons  tend  tn  tiry,  crack  and  chup,  unless  taken  enre  of. 
To  prevent  this  occurrence,  i-old  water  should  alone  be  used  in  washing 
the  hands,  and  sfiap,  sparingly  or  not  at  all,  xmless  when  absolutely  re- 
quiretl.  The  hands  should  not  be  washed  just  before  goin^  out  of  doors. 
If  this  must  be  done,  a  small  quantity  of  cusmoline  should  !>'>  rubbed  into 
the  skin  to  prevent  the  action  of  the  cold  air.  Gloves  should  always  be 
worn  in  cold  weather,  and  preferably  they  should  be  made  of  skin,  as  ktd, 
dog-akin,  castor,  buck-»kin,  etc.  Silken  or  woollen  gloves  are  more  apt 
U*  gtve-riae  to  chapping.     When  the  hands  for  any  reason  Itave  become 


^n 


THC  CAKK   OV   TllK   PUUSOK. 


known  smong^  physicians  &a  scborrlioes,  or,  ooromonly,  aa  "dandraff." 
Wlieti  in  a  young  person  an  excessive  degree  of  si^ulincss  is  observed  in 
the  scalp,  measures  should  bo  taken  to  euro  ihis  condition;  otherwise,  be- 
forn  long,  the  hair  will  in  all  probability  begin  lo  fall.  When  thin  latter 
stage  ia  once  established,  it  is  usually  too  late  to  do  much  good;  the  falling 
of  the  hair  continues,  and  sooner  or  later,  particularly  in  families  when* 
there  is  a  hereditary  tendency  to  baldness,  more  or  less  complete  loss  of 
hair  over  the  forehtad  and  crown  of  the  head  ensues.  It  is  true  that 
gradual  progressive  baldness  is  sometimes  observed  without  any  disturb- 
aric«  of  the  general  8yMti»ni  and  without  the  cK-currence  of  '*  dandruif." 
On  the  other  hand,  '^dandrufT**  of  the  scalp  is  now  and  then  observed  in 
persons  whose  hair  is  uneonimonly  thick  and  strong.  Thta  latter  circuni- 
stanco  is  very  unusual,  and  has  given  rise  to  the  erroneous  notion  that 
*'  dandruff  **  in  the  scalp  is  a  sign  nf  peculiar  vigor  of  the  hair. 

Other  causes  of  premature  baldness  are  :  the  ocuurronce  of  rrnain 
diseases  of  the  scalp  other  than  "dandruff,"  and  certain  debilitated  condi- 
tions of  the  system  occurring  alone  or  following  severe  fevers,  etc. 
Usually  the  bahlness  occurring  in  connection  with  skin  dt!i4*aKes  of  ihir 
scalp  is  only  temporary;  the  bulbs  nut  being  destruyod,  the  hair  is  again 
reproduced  so  soon  as  the  skin  disease  is  cured.  The  same  may  be  aaid 
of  the  baldness  or  thinning  of  the  hair  following  fevers.  When  tbean 
occur  in  young  persons,  the  hair  frequently  recovers  aft«r  a  time  Its 
strength  and  thickness,  but  in  older  persons  it  rarely  returns  to  its  former 
condition.  Thinning  of  hair  in  states  of  chronic  debility  is  usually  irreme- 
diablo  unless  the  whole  condition  is  permanently  improved,  and  not  then 
if  the  individual  is  no  longer  young. 

The  remedies  em]jluyud  for  the  relief  uf  baldness  are  all  atimnlants  in* 
tended  to  increase  the  circulation  of  blood  in  the  skin  alx>ttt  the  roots  of 
the  hair.  When  the  falling  of  the  hair  has  been  caused  by  some  fovor  or 
other  illness,  such  "  invigorators"  are  of  use,  and  where  it  is  oonnecterl 
with  gcncrnl  debility  of  the  system  these  may  also  be  cinplnved  to  advan- 
tage in  connection  with  projwr  niodioal  tn^atrnf-nt.  M'heii,  however,  iho 
hair  in  young  persons  liegins  to  fall  out,  eillier  with  or  without  ihe  con- 
current appearance  of  "dandruff,"  the  best  medical  advice  is  required  to 
prevent,  if  possible,  the  inevitable  baldness  which  will  sooner  or  later 
ensue.  Wh(*re  there  is  a  hereditary  tendency  to  baldness  it  is  frequently 
the  case  that  no  treatment  avails. 

Abnormal  growth  of  hair  most  frequently  occurs  in  females  upon  thn 
upper  lip  or  chin.  This  is  sometimes  excessive^  as  in  the  case  of  the 
bearded  women  occasionally  exhibited  publicly.  Women  who  poAMuw 
this  unfortunate  peculiarity  are  not  necessarily  in.any  way  deficient  in  lh«" 
best  characturistics  of  the  sex.  By  the  kindnoiis  of  my  fripnd,  Professor 
Duhring,  I  had  an  opportunity^  a  year  or  two  ago,  of  examining  a  young 
married  woman  who  displayed  a  large,  full,  and  very  halidsomn  ooal-black 
beard  and  tiioustache.  This  person  was  of  u  delicate  figure,  with  a  soft 
voice  and  plea^ng  manner,  and  a  degree  of  refinement  unusual  among 
peraons  of  her  station. 
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Fr«]UPntly  more  or  less  considerftble   patches  of   hair  aro  found  in 
other  and  abnormal  parts  of  the  face  and  body^  and  cases  are  reoordod  of 
"hairy"  men  and  women  in  whom  a  greater  or  loss  proportion  of  the, 
whole  surfaco  has  been  covorod  with  hair. 

None  of  the  means  formerly  used  to  remove  superfluous  hair  have 
proved  effectual.  Kxtraetion  only  stimulates  its  more  rapid  growth,  and 
depilatory  powders,  besides  being  caustic  and  consequently  often  injurious 
to  the  skin,  only  destroy  the  outer  end  of  the  hair,  leaving  the  root  intact. 
Recently,  however,  more  effectual  methods  have  come  into  use,  and  are 
known  to  physicians,  whereby  this  unaightly  deformity  can  be  remedied. 

Of  the  various  diseases  of  the  hair,  splitting,  knotting,  etc.,  this  is  not 
the  place  to  speak,  although  a  few  words  may  be  said  about  the  care  of 
the  hair  in  general  sickness.  This  resolves  itself,  practically,  into  cleanli- 
ness. The  hair  should  never  be  cut  in  sickness,  excepting  by  the  physi- 
cian's express  order.  In  the  case  of  women  I  think  it  should  in  no  oase 
be  cut.  Constant  brushing  and  examination  of  the  scalp  should  bo  prac- 
tised in  severe  illness,  and  the  hair  should  not  be  permitted  to  become 
matted,  as  even  in  the  cleanest  persons  we  Bnd  it  harboring  vernnn  occa- 
sionally, coming  from  no  one  knows  where.  Kven  where  these  occur,  the 
hair  need  not  be  cut;  if  appropriate  remedies  are  used,  the  scalp  can  be 
completely  cleansed  without  this  sacrifice. 


Editor's  NoTE.^For  rariooB  ressons  it  has  been  thought  best  to  make  do  ullu»ioa 
tQ  the  present  chapter  to  the  hygjone  of  the  eye  and  cor.  The  former  subject  is  dis- 
oturwd  in  the  ohnpUir  on  Sahool  Hjgieoo  (Vol.  II.,  p.  (iU'S),  and  th«  chief  preeantioiui 
whioh  it  is  ne«<ifnl  to  tako  in  order  to  prtmerre  the  b«ariDg  are  briefly  giTen  below. 

All  attemptit  to  oloaa  the  deeper  portioQji  of  the  outer  pamagc  or  the  car  by  means 
of  ear-spoouB  and  other  contrivaooM  are  unaeocMary.  and  sometimes  ^ve  rise  to  in* 
ftammation.  la  health— and  it  is  only  with  a  healthy  state  of  the  body  that  we  are 
here  oonoeroed — the  deeper  parts  of  the  ear  oan  be  left  to  take  care  of  theroHelvea. 
The  oriAce  of  the  caoal  in  to  be  cleaned  in  preoieely  the  tame  maonor  ok  any  other  de- 
preHSd  porttoa  of  the  iiurfac<>  of  the  body — that  ifi,  with  a  wet  cloth  or  oponftc. 

Bathin^r  in  salt  water  may  injure  the  ean  in  two  different  wayK.  The  water  may 
vain  an  entranoe  into  the  external  canihl.  and  by  itH  irritatinir  properties  set  up  inflam- 
mation. This  is  generally  supposed  to  be  the  way  in  which  bathing  in  salt  water  giveH 
riiiB  to  inflammation  of  the  ear.  Prom  penooal  obnervation,  hnwever,  1  ani  dinpoeeil 
to  btdiere  tiiat  in  the  great  majority  of  QaHen  the  dineaae  la  catuied  in  auothcr  way.  In 
the  maOGBUTTSs  incident  to  divinz,  awimming  under  water,  floating  cu  the  back,  etc  . 
the  easal  paasogea  become  6Uod  with  aaXt  water.  The  bother  then  yield**  to  hd  atmoMt 
irreaistfble  deaire  to  "blow  his  oose,"  iu  order  to  get  rid  of  t-bo  irritating  fluid.  The 
bloMring  ia  generally  of  a  vigoroas  aharaoter,  and  often  force*  some  uf  the  tmliy  fluid  up 
thmagh  the  narrow  pama^^o  (Giiatnohian  tube)  which  leadn  from  th?  hack  pnrt  of  the 
Booe  to  the  dram  oavity,  where  its  preaeooo  may  give  rise  to  even  very  t>everc  inflam- 
matiox  If  the  bather  \a  citrelew,  or  uot  familiar  with  the  surf,  his  eure  may  receive 
Injury  from  the  mere  impact  of  the  wave«.  Sand  may  alito  enter  the  outer  pattaage 
with  the  water,  and  aid  in  aettini;  up  inHammation.  In  ansner  to  the  qnciction  :  What 
oan  bo  done  to  avoid  these  iojarlous  otfeetN  of  bathing  ?  I  would  simply  Ray  :  After  the 
batll  abstaia  from  blowing  the  uo^e  in  any  but  the  genllOHt  manner  until  after  all  the 
aotive  aeoretinn  of  mucus  ban  cctiBed  By  that  time  the  Kalt  water  will  haY«  Ix-pii  pot 
rid  of.  BO"]  *■  blowing  the  nose  "  may  he  indulged  in  again  with  wnnted  vigor  Shnil 
ootton  be  worn  io  tbeeon?  Yen.  if  the  b:ither  has  rca*on  to  bvlicvf  that  he  po«»et*uf* 
an  irritable  flktn.  if  ht.-  hiut  pn^viuiinly  had  tinmv  afTecfcion  of  thi:  cxterunl  auditory  canal, 
or  if  ho  knows  that  bin  drum-head  i«  perforated.  Otbcrwiae,  the  protection  affordctl 
by  the  cotton  ia  too  alight  to  oompeosate  for  the  annoyance  whioh  it  caoeea. 

The  question  ot  contracting  deafneas  from  habitual  exposure  to  uoises  of  a  oertaia 
character  la  referred  to  in  the  chapter  on  Hygiene  uf  Occu|>ation  rVol.  tl.,  p.  70). 
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advantag'C  from  pliini^ing  the  head  in  a  basin  of  coM  water  moriiiii'r  aiitl 
evening,  and  then  rubbing  the  scalp  briskly  with  a  coarse  towel. 

Under  unlinary  circumstances,  frequent  brushing  is  sufficient  to  keep 
the  skin  and  the  hair  of  the  scalp  clean  and  ih  good  condition,  and  waih- 
ing  is  only  occasionally  required.  Travellers,  however,  and  persons  whose 
occupations  expose  them  much  to  the  influence  of  dust  and  dirt,  as  well  u 
those  whose  scalps  are  by  nature  excessively  oily,  find  it  necessary  to 
cleanse  the  scalp  and  hair  more  frequently.  In  such  cases,  plain  Castile 
soap  and  water,  or,  where  there  is  a  tendency  to  the  collection  of  scales 
("  dandruff  "),  a  solution  of  borax  in  water  may  be  employed  to  advantage. 
In  individuals  with  long,  thick  hair,  delay  and  annoyance  is  sbmetimes 
experienced  in  getting  this  properly  dried.  Occasionally  women  suffer 
from  frightful  attacks  of  neuralgia  of  the  scalp,  as  the  result  of  exposure 
to  oold  with  the  hair  not  perfectly  dry.  No  one  should  venture  out  of 
doors  in  cold  weather  while  the  hair  remains  at  all  moist.  Even  when  the 
individual  remains  in  the  house,  the  scalp  should  be  thoroughly  dried  after 
washing.  Water,  if  allowed  to  dry  in  the  hair,  promotes  decomposition 
and  rancidity  of  the  natural  oil,  giving  rise  to  a  peculiar  and  disagreeable 
odor.  To  assist  in  drying  long  hair  after  washing,  a  brush  may  be  dipped 
into  a  little  finely  powdered  starch,  which  is  brushed  thoroughly  into  and 
through  the  hair,  and  is  then  brushed  out  again.  Some  pomatum  may 
afterward  be  employed,  or,  better,  some  perfumed  cosmoline,  which,  by 
the  way,  makes  the  best  dressing  for  the  hair,  since,  when  of  good 
quality,  it  is  not  liable  to  become  rancid  on  keeping.  In  dressing  the 
hair,  the  true  use  of  the  comb  should  be  remembered,  which  is  to  separate 
the  individual  hairs  from  each  other,  to  prevent  matting,  and  to  make  the 
*'part."  The  comb  should  never  be  used  for  the  purpose  of  scraping 
the  scalp  to  relieve  itching  sensations.  The  fine-toothed  comb  should  be 
used  sparingly  in  any  case.  When  scales  collect  in  the  scalp  to  an  extent 
which  brusliin<r  will  not  remove,  they  should  be  washed  out,  and  if  wash- 
ing, fri'ciiH'iitlv  n'pi-atnl,  clui-s  not  suffio*',  mediciil  advice  should  be  taken. 
Trouhlt'Sfjtiic  iiiid  atnioyin^  disease  of  the  skin  is  occasionally  excited  by 
tlie  injuiiifiiiiis  usf  of  the  comb. 

The  iiair  in  cliildnMi,  nnd  especially  in  boys,  shouhl  be  kept  closely 
trimmed,  not  <jnly  for  the  sake  of  comfort  and  convenience,  but  also  for 
that  of  c'Iciiiiliiicss.  In  girls,  after  the  hair  has  once  been  allowe<l  to  grow 
long,  it  is  bettor  not  to  cut  it,  as  it  is  stated  on  good  authority  that  tho 
hair  never  iiftfrwsird  grows  to  the  length  which  it  would  otherwise  have 
attained.  Th*;  hair,  <'spi!cially  when  thick  and  long,  should  in  sickness  be 
cut  only  witli  great  caution,  and  under  the  direction  of  a  physician.  <)cca- 
sionallv,  unfortunate  results  are  reported  from  the  sudden  removal  of  the 
iiaturiil  coverin;^  of  the  head  under  such  circumstances. 

"Crimping''  the  hair  nvr  liot  irons  or  pencils  sooner  or   later  caus**s 

it  to  crack  and  l»rcak.     'I'liis  is  not  a  [natter  of  .so  great  importance  in  vouiig 

*  'Is  when  the  hair  will   grow  again,  hut   in   the  case  of  older  women  in 

m  the  hair  is  beginning  to  thin  out,  it  is  apt  to  hasten  the  fall  of  what 

»ins  and  to  cause  partial  baldness  over  tho  forehead  and  temples.     The 
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Conditions  of  (he  Soii  affectiiu/  ffealth. 

Tub  term  soil  is  hero  used  in  its  broad  sense,  ns  oompreheiuling^  so 
mnch  of  the  orust  of  the  earth,  of  whatsoever  composition  and  arrange- 
ment, as  ma^,  in  any  iiiaiiiicr,  give  rise  to  oonditions  afTectiii^  health. 
These  conditions  may  be  due  solely  to  the  operations  of  nature,  unmodi- 
fied and  uninfluenced  by  human  agency,  or  they  may  be  the  ilirecl  or  in- 
direct result  of  the  interferonoo  of  man.  Under  the  former  class  we  may 
cite,  as  examples,  dampness  of  the  soil  (which  is  a  prime  factor  in  the 
causation  of  many  diseases),  and  those  peculiar  conditions  of  the  natural 
soil  originaliiig-  tlie  morbific  exhalations  described  by^  the  term  malaria  ; 
and  under  the  latter  those  conditions  of  the  soil  resulting  from  its  puUu* 
tion,  and  ^ving  rise  to  diseases  pointedly  and  significantly  designated  by 
Mr.  Simon  as  "  filth -diseases." 

For  convenienoe  of  description,  an  arbitrary  division  of  the  soil  into 
surface-soil  and  subsoil  has  been  made,  tliti  latter  being  designated  as  the 
stratum  of  the  earth  which  lies  immediately  faonosth  the  surface-soil. 

The  general  subject  of  soil  and  water  may  bo  conveniently  studied 
under  the  three  divisions  of  conatitnents  of  the  soil,  poUution  of  the  aoilf 
and  di»east«  prorhiced  by  conditions  of  the  soil. 

The  constituents  of  the  soil  form  the  groundwork  of  the  theme,  aitd 
must  be  carefully  studied,  sufRciently  in  detail,  to  detcnnine  their  agency^ 
in  the  production  of  disease,  with  a  view  to  point  out  the  best  means  of 
modifying,  counteracting,  or  preventing  all  sucli  irifluonces  derived  thcro- 
from  as  may  be  antagonistic  to  health.  The  second  branch  of  the  subject 
treats  of  the  pollution  of  the  soil,  its  causes  and  means  of  prevention.  It 
involves  a  study  of  the  methods  of  disposal  of  excreta  and  of  refuse  matters 
from  habitations  and  various  trades,  of  the  construction  of  street  pave- 
ments, the  conservonoy  of  surfac^e  area,  the  disposal  of  the  dead,  and  all 
means  of  preserving  the  purity  of  the  soil  and  ground-water;  and,  finally, 
we  shall  endeavor  to  trace  the  influence  of  certain  conditions  of  the  soil 
in  the  causation  of  disease,  as  derived  fmm  excess  of  water  in  the  soil — 
"  the  ground-water  theory  " — frt>m  emanatinns  from  the  natural  soil,  from 
pollution  of  the  soil,  and  from  pollution  of  drinking-water. 
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SECTTON   T. 

C0N6TITUEST8  OP  THE  Soil. 

The  Aoil  consists  of  distinct  mineral  masses  variously  arran(r<^d,  and 
fonsitl^rcd  by  geologifttn  undpr  the  term  rod;  whi<'h  is  meant  10  apply  to 
till  these  *'  subfttancea,  whether  they  be  soft  or  stony,  for  clay  and  sand  are 
incltidcd  in  the  tenn,  and  some  have  even  brought  peat  under  this  denom- 
ination/* Organic  matter,  both  animal  and  vegetable,  is  also  associated 
with  the.se  substances  in  variable  quantities  and  eonditions.  Air  and 
water  form  other  and  important  ingredients  of  the  soil.  From  a  sanitary 
standpoint  these  latter  elements  furnish  an  exceedingly  important  topic 
for  consideration,  since  it  is  almost  exclusively  through  their  agency  that 
whatever  is  hurtful  in  the  soil  is  brought  in  contact  with  the  human  body. 


1.  Air  in  the  Soil. 

'Hie  atmosphere  penetrates  the  earth  and  circuities  beneath  its  surfaoa 
to  an  indetinite  depth.  This  fact,  in  it»  relation  to  the  Kttfmrftcisl  soil,  is 
practically  recognized  by  the  scientific  agriculturist,  but  it  has  a  differ- 
ent and  not  Ic^ss  important  significance  to  the  sanitary  scientist,  and  should 
be  a  well  recognized  popular  truth.  All  rocks  are  more  or  less  porous, 
that  is,  endowed  with  the  capacity  for  holding  air  as  well  as  water;  and 
most  un crystallized  sedimentary  ones  possejis  this  character  in  a  very  con- 
siderable degree.  From  actual  experimont  (Hunt),'  the  volume  of  water 
(air)  enclosed  in  100  volumes  of  various  rocks  havmg  been  determined,  it 
was  found  for  throe  specimens  of  Potsdam  sandstone  to  equal  6.94— V*.35; 
for  specimens  of  crystalline  dolomite,  6.90-7.22;  for  three  specimens 
of  fine  gray  Devonian  sandstone  from  Ohio,  much  used  for  building. 
20."^4-20.62-21.27;  for  specimens  of  dolomite.  Guelph.  10.60;  of  dolo- 
mite, Cha?.y,  argillaceous,  13.5.*);  and  for  three  specimens  of  soft  lime- 
stone of  Caen,  France,  so  much  employed  in  that  country  for  architectu- 
ral purpose-R,  29.49-29.54-29.9.3.  Some  kinds  of  very  porous  sandstone 
contain  air  to  even  one-third  of  their  bulk.  Sand,  gravel,  and  soils  con* 
tain  air  in  very  large  proportions — loose  sand,  in  extreme  oases,  to  the 
amount  of  fifty  percent.  The  air  of  moderately  well  pulverized  soil  may 
amount  to  no  less  than  on^-fourth  of  the  whole  bulk,  and  loose  soils 
turned  up  for  agricultural  purposes  may  contain  as  much  as  from  two  to 
ten  times  its  volume  of  air  (Parkes). 

A  familiar  illustration  of  the  capacity  of  the  soil  for  air  is  afforded  by 
the  well  known  fact  that  when  soil  is  disturbed  it  fills  a  greater  space  than 
it  occupied  before.     The  same  fact  is  demonstrated  by  filling  a  reaMlj 
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with  earth  and  adding  water  lo  saturation.  The  amount  of  water  absorbed 
reprDseiiTK  liic  Hinount  of  air  displaces],  and  tins  iiiothud  nmy  be  employed 
for  making  u  rougii  estimate  of  the  relative  porosity  of  different  soils. 

The  following  experiment,  devised  by  Pettonkofcr,  demonstrates  the 
facility  with  which  air  passes  through  compact  soils,  and  e%'en  apparently 
solid  substances. 


PlA  1. 


Fig-  1  represents  n  cylinder  of  solid,  dry  mortar,  half  lime,  half  sand, 
5  inches  by  ]|  inches.  With  the  exception  of  the  two  ends,  it  is  covered 
all  over  with  melted  wax,  which  is  impervious  to  air.  To  each  end  of  the 
cylinder  is  attached,  by  means  of  wax,  a  f^I&ss  funnel  which  terminates  in 
a  tube.  By  blowinjj  throui^h  one  of  these  tubes  it  will  be  found  that  the 
air  will  pass  through  the  solid  mortar  and  cause  the  flame  of  a  candle  held 
ne&r  the  end  of  the  opposite  tube  to  sensibly  deviate.  By  an  eftort  it 
may  be  extinguished  altoj^tber.  The  porosity  of  soils  is  also  well  illus- 
trated by  an  experiment  represented  at  Fig-.  2. 

As  in  the  atmosphere,  so  in  the  groiind-air;  oxygen,  nitrogen,  and 
carbonic  acid  form  th*;  main  constituents,  though  the  proportions  of  these 
elements  are  subject  to  constant  and  marked  variation.  Moisture  is  also 
present,  and,  in  addition,  are  found  traces  of  ammonia,  and,  occasionally, 
r-arburetted  and  sulphuretted  hydrogen.  With  reference  to  the  eFHuvia 
and  finely  suspended  particles  of  organic  matter  derived  from  animal  and 
vegetable  substances  existing  in  the  soil,  little  can  be  said,  for  as  yet  our 
knowledge  upon  this  point  is  very  imperfect. 

The  recorded  observations  of  Pottenkofer,  Podor,  Fleok,  I*wi8  and 
Cuiininghant,  and  Nichols,  made  within  recent  years,  have  given  consider- 
able prominence  to  carbonic  acid  as  one  of  the  constituents  of  the  grounil- 
air.  It  has  been  found  to  exist  in  remarkable  excess  of  the  amount  con- 
tained in  atmosphcrio  air,  and  is  exceedingly  variable  in  quantity.  Being 
derived  from  organic  processes  of  oxidation  occurring  in  the  soil,  it  Is  in 
amount  inversely  as  the  oxygen. 

Boussingault'8  investigations  '  were  made  in  the  interests  of  agricul- 
ture and  were  conducted  in  soils  to  the  depth  of  about  fifteen  inches. 
The  quantity  of  carbonic  acid  determined  by  him  varied  from  2.4  to  9.74 
per  1,000  volumes  of  air,  the  air  for  the  latter  experiment  being  taken 


'  Aanales  Ac  chimte  et  de  physlqae  (3),  XXXVII..  pp.  S-50. 
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from  a  recently  manured  soil.  The  examinations  of  the  air  of  the  alluvial 
soil  in  the  imighhorhood  of  Municli,  mailo  by  pL'ttonkofer'  in  1S70-I871, 
revealed  the  fact  that  the  Jiniomit  of  ojirbonio  acid  iticrejisotl  with  thv 
depth,  and  varied  according  to  season.  Ma  minimum  hcinjr  rcachtni  in 
winter  and  its  maximum  in  summer.  The  amount  per  l.lMiit  volume»  of 
air  varied  from  1.58  at  a  depth  of  5  feet,  to  iH.'-iH  at  a  depth  of  13 
feet.  Subsequent  determinations  made  by  Pettenkofer  in  the  neiglihor- 
hood  of  Munich,  and  by  Fleck  in  the  vicinity  of  Dresden,  showed  the 
proportion  to  be  frequently  even  greater  than  the  maximum  juat  men- 
tioned, and  on  one  occasion  it  wa»  as  hiji^'h  as  80  per  1,^0.* 

Kodor,'  of  liuda-Pestli,  experimented  on  air  in  different  loualitics  at 
the  depth  of  3^,  C^,  aud  13  feet,  and  likewi&e  fuuud  the  ^reatebl  aniuuul 
of  carbonic  acid,  at  the  lowest  depth,  it  being  in  the  enormous  proportion 
of  107.3  per  1,()00;  at  a  depth  of  3J  feet,  in  one  ease,  it  was  only  3.7  per 
1,000.  The  test  also  revealed  the  presence  of  ammonia,  but  no  sulphur- 
etted hydrogen.  The  observations  of  Lewis  and  Curmiiigham,*  m«de  at 
Calcutta,  wer«  somewhat  aimilar  in  their  rosulta,  the  deepest-tyiug  strata 
furnishing  the  largest  amount  of  carbonic  acid. 

Nichols*  lias  made  an  examination  of  the  "  Haek-Uay  lands*"  in  Boston, 
which  consist  of  mud  covered  over  maiidy  with  gravel.  Thr  air  was  taken 
3^  feet  below  the  surface,  at  different  times  and  at  diff«'retit  levels  of  ihn 
ground'Water.  The  amount  of  carbonic  acid  detcnnined  varied  from  1.4'J 
when  the  water-level  stood  at  'A  feet  10^  inches  from  the  surface  tif  tlin 
ground,  to  'i.'iiS  per  1,00U  when  the  surface  of  the  ground-water  was  at  a 
depth  of  4  feet  *i  inches.  No  Kulphuretted  hydrogen  was  detected,  but 
alight  traces  of  ammonia  were  found.  In  another  locality,  where  the  sand 
was  10  feet  in  thickness,  the  results  were  i|uitc  tiiniilar,  extx^pt  that  a 
larger  proportion  of  carbonic  acid  was  present.  A  more  extended  seriwi 
of  experiments  was  made  at  still  another  locality  in  the  "  Back-Bay 
lands,"  at  a  depth  of  from  U  to  10  feel.  They  were  commenced  in  May  aad 
continued  until  the  olosi*  of  the  year  1874.  As  in  the  other  exauiinslions 
traces  of  ammonia  were  found,  but  no  sulphuretted  hydrogen.  Tlie  diffei 
encc  in  the  amount  of  curbonic  acid  found  at  different  depths  was  not 
always  very  noticeable,  though  many  of  the  ob&ervations  showed  a  greatof 
amount  at  10  feet  from  the  aurface  than  at  a  depth  of  (J  feet.  The  amount 
of  carlKinic  acid  varied  from  3.23  per  1,000  at  a  depth  of  6  feet — obsor^'wl 
in  December — the  water-level  being  11  feet  11  inches  below  the  surface, 
to21.2l  at  a  depth  of  10  foe(>— observed  in  August — the  water-level  being 
10  feet  8i  inches. 

The  amount  of  carbonic  acid  in  the  ground-air  has  been  projxised  by 
Pettenkofer  as  a  measure  of  impurity,  but  he  admits  the  posMbilily  of  a 
better  index  of  Impurity  being  found  when  investigations  ahall  have  been 

>  !Eeit«!hrifc  Mr  Biologie,  Va .  p.  30S. 

*  Sixth  lieport  of  Board  of  Henlth  of  MasaaobusettN.  I^?').  p.  SOO. 
'  Deutwlie  ViorteljahrHcbrift  fOr  offeutllche  OesandheiispUflgv.  Vfl.,  p.  910, 

*  The  Soil  in  iC«  Rulntion  to  DiHpaw>,  Caleatla,  1875. 

*  Sixth  Report  of  Boud  of  HualLh  of  MassaohoMtU,  197tJ,  ly  918. 
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more  ncciirately  and  oxtpnsively  made.  Kmlor  dissents  from  this  opinion, 
and  citos  as  his  reftsnn  the  c(j|iclu»irtn  arrived  at  from  re]>eated  fxaiiiiim- 
tions  of  the  ground-atmosphere,  namely,  that  the  uarhonic  acid  la  not 
produced  hy  oxidation  on  the  spot,  and  therefore  cannot  bo  taken  as  a  test 
of  impurity  of  tht*  air  of  any  givpn  soil. 

Nichuts '  seems  to  hold  substantially  tlie  same  view  of  the  subject,  fur 
ho  says:  "It  is  to  home' in  mind  that  the  amount  oC  carbonic  acid  found 
at  any  time  is  the  difTcrence  between  ttie  amount  avtually  produced  and 
the  amount  carried  off  by  diffusion  and  by  the  ground-water.  Tho 
amount,  the'n,  that  is  found  in  different  soils  and  under  differing  eondi- 
tioita,  cannot  he  taken  as  a  measure  of  the  intensity  of  the  processes  I'oti- 
cerned  in  its  production^  for  very  mueli  depends  on  the  character  of  the 
aoil,  especially  in  tho  matter  of  porosity.  At  present  it  does  not  seetn 
to  be  possible  to  draw  much  useful  information  from  th«  detcnninatioii 
of  the  carbonic  acid  In  the  ground-air.  As  the  numbers  of  the  determina- 
tions increase,  and  tlie  laws  of  the  variation  are  better  understood,  it  is 
possible,  that,  like  the  height  of  the  ground'water,  it  may  be  found  to 
connect  itself  with  causes  and  effects  of  sanitary  importance."  This 
point  seems  to  be  as  yet  undecided;  nevertheless,  the  suggestion  of  Pel- 
tenkofer  should  not  he  discarded  until  proved  of  no  value  by  tho  results 
of  more  extended  researches. 

The  porosity  of  soils,  or,  in  otlier  words,  the  measure  of  capacity  for 
air,  is  estimated  in  different  ways.  A  rough  estimate  may  bo  obtained 
**in  the  cAstc  of  rather  loose  rocks,  by  seeing  how  much  water  a  given 
hulk  will  absorb,  which  can  be  done  by  raoasuring  the  water,  before  and 
after  the  weighed  or  unmeasured  rock  is  inserted  in  it,  or  by  weighing 
the  rook  after  Immersion." '  A  more  accurate  plan  is  ihut  adopted  hy 
Hunt.*  Small  broken  fragments  of  rock  are  carefully  dried  at  about  300" 
F.,  till  they  cease  to  lose  weight.  The  weight  having  been  determined, 
they  are  then  placed  with  their  lower  portions  in  water,  and  allowed  to 
remain  for  some  hours,  after  which  they  are  covered  with  water  and 
placed  under  the  exhausted  receivpr  of  an  air-pump,  by  which  process  a 
loixe  portion  of  the  air  is  removed.  The  exhaustion  of  the  receiver  is 
aeveral  times  repeated,  at  intervals,  until  tho  portions  of  the  rock  arc  as^ 
nearly  as  jtossible  saturated,  and  bubbles  cease  to  escape  on  further  ox* 
huustton.  They  are  then  removed,  carefully  wiped  witli  blotting-paper, 
and  again  weighed— first  in  air,  and  then  in  water. 

"Tho  loss  in  weight  of  tho  saturated  rock  when  weighed  in  water  be- 
ing equal  to  that  of  the  volume  of  water  displaced  by  tho  mass,  enables 
us  to  determine  the  specific  gravity  of  the  latter;  while  this  loss  in 
weight,  loss  the  weight  of  the  water  absorbed  by  the  mass,  gives  the 
true  volume  of  water  displaced  by  Its  particles,  and  hence  the  means  of 
determining  their  specific  gravity.     The  division,  by  the  volume  of  water 


■  Sucth  Iteport  of  Board  of  Health  of  Momacbaaatta,  p.  230. 
•  Parkas:  Practical  Hy^ieue,  ."»tti  edition,  p.  -125 
'Chemical  am]  Oeulogical  Sways,  1975,  \>.  U\\-\<i(i. 
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displaced,  of  t!ie  amount  of  water  ahsorbod,  gives  the  absorption  hy 
volume;  and  tho  division  of  tlio  weij^ht  of  the  water  al>aorbed  by  tKat  of 
tho  dry  mass,  the  absorption  by  weight." 

The  foilowiiig  formiilie,  furnishe<l  by  Hunt,  are  of  value  in  estimatinft 
the  relative  aiiumiit  of  air,  us  well  as  the  relative  amount  of  water,  ab* 
vorbed  by  the  different  rocks: 

a  =  the  weight  of  the  dry  rock. 

b  =  the  weight  of  water  which  the  rock  can  absorb. 

€  :=  the  losa  of  weight,  in  water,  of  the  saturated  rock. 

We  have  then  tho  following  cquationa: 

1*  Clay.  1,000  :  x  =  spccifio  gravity  of  tlte  mass,  or  apparent  speci* 

fio  gravity',  water  being  1,000. 
S.  D  —  &  :  a  ' '  1^000  :  x  =  specitio   gravity  of    the    particloa,  or   real 

specific  gravity,  water  being  1,000, 
8.  e  z  b  ',',  100  :  x  =  volume  of   water   absorbed    by   100   volumes  of 

tlie  rock. 
4.  a  '.  b  '.',  100  *.  X  =  weight  of  water  absorbed  by  100  parts,  by  weight) 

of  the  rock. 

Parkes  furnishes  the  following  convenient  furnmla:  * 


Weight  of  water  taken  up  x  100 


.—  =  pcrcentnjre  of  aif. 


V^eiglit  of  dry  rock  -i-  spcciBc  gravity 

Tho  same  author  gives  the  following  plan  adopted  by  Pettenkofer 
when  the  soil  is  loose  :  Dry  tho  . loose  soil  at  212**  F.  and  powder  it,  but 
without  crushing  it  very  much;  put  it  into  a  btirctte,  and  tap  it  so  as  to 
expel  the  air  from  the  interstices  as  far  as  poHsihle  ;  connect  another 
burette  by  means  of  an  elastic  tube  with  the  bottom  of  the  first  burette, 
and  clamp  it  on;  pour  water  into  No.  2  burette,  aitti  then,  by  prfMiing  tha 
damp,  .illow  the  water  to  rise  through  the  soil  until  a  thin  layer  of  wat« 
18  seen  above  it;  then  read  olT  the  amount  of  water  thus  gone  out  of  the 
second  burette,     llie  calulation  is: 

Amotint  of  water  nsed  x  100 

- — : ,  =  percentage  of  air. 

Cubic  centimetres  of  dry  soil 

Except,  perhaps,  in  the  more  dense  rooks  and  compact  clays,  the  air 
beneath  the  surface  of  the  soil  circulates  more  or  less  freely,  aeconlmg  u> 
a  eombitialion  of  exltiriml  iiirtuenecH,  uided  by  tlie  oondiliun  of  poroiiiji 
of  the  soil.  Tho  facility  with  whirii  water  permeates  the  soil  is  a  uintlQ^ 
of  common  observation;  air  being  so  much  lighter  (770  times  lighter  than 
water),  it  can  be  readily  seen  why  it  should  have  still  greater  jMiwcr 
dtlTusiun,  and  bo  even  mor«  movable   than  water.     The  causes  to  whic 
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th«  tnovemont  of  the  ground-»ir  is  attributable  arc — the  difference  of 
trmperature  between  llie  surfatTO  and  the  deeper  strata,  the  force  of  the 
uind,  barometric  pressure,  displacement  by  rain-fall  and  movement  of 
ground-water,  and  lite  inherent  power  of  diffusion  which  gaseous  bodies 
possess.  The  force  exerted  by  the  wind  is  apt  to  be  underestimated.  The 
.pressure  exerted  upon  a  square  foot  of  surface  x'anca  from  1.107  pounds 
during  a  '* brisk  wind"  blowing  at  the  ratn  of  fifteen  miles  per  hour,  to 
50  pounds  duriiif^  «  "  hurricane"  with  a  velocity  of  100  miles  an  hour.' 
The  effect  of  the  unetjual  pressure  of  the  atmosphere  upon  the  ground-air 
is  well  illustrated  by  Fig.  'Z. 

The  following  experiment,  devised  by  Prof.  Pettonkofor,  illnatratea  in 
a  striking  manner  the  motion  of  the  air  through  the  ground. 

In  Fig.  '^,  A  represents  a  tall  glass  tube  tilled  with  gravel,  Ji^  in  the  aaia  of 
which  stands  a  smaller 
glass  tube,  7/,  one 
open  end  of  it  reach- 
ing to  the  bottom. 
The  other  open  end  of 
the  small  gloss  tube  is 
attached  by  means  of 

a  piece  of  india-rubber  tubing,  C,  to  a  U-shaped 
tube,  Dj  containing  water.  "  If  a  person  blow, 
as  represented  in  the  figure,  on  the  surface  of  the 
ffravei,  the  liquid  in  the  U-shaped  tube  will  be 
seen  to  alter  its  position,  the  level  of  the  side 
next  the  person  who  is  blowing  becoming  lowere*!, 
and  the  other  projKjrtionally  elevated.  The  de- 
proKKion  of  the  fluid  is  caused  by  tlio  Force  of  the 
air  blowTi  through  the  gravel,  because  It  ascends 
from  the  bottom  of  the  gravel  through  the  small 
gla.ss  tube,  pa-tscs  through  the  india-rubber  tube, 
and  thus  reaches  the  water."  If  the  water  in  the 
curved  tube,  /?,  be  removed,  by  blowing  in  tlie 
Aame  manner  upon  ilie  surface  of  the  gravel,  the 
air  passing  through  tlio  gravel  and  through  the 
tubi'K  will  escape  at  the  outlet  beyoml  D,  with 
aufiicient  force  to  blow  aside  the  flame  of  n  candle. 
In  the  light  of  this  experiment,  it  is  not  difficult  to 
see  how  tlio  air  in  the  ground  can  be  set  in  motion 
by  the  pressure  of  air  or  wind  against  ita  surface. 

The  fact  of  the  continual  movement  of  the  ground-atmosphere  has  an 
important  bearing  upon  some  causes  of  disease,  especially  those  associated 
with  impurities  of  the  air  of  our  houses  derived  from  the  subsoil.  It  in- 
dicates an  inquiry  upnn  a.  subject  which  has  hitherto  received  but  limited 
attention,  and  suggests  the  importance  of  tlie  investigation  of  influencoa 
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hidden  fmtn  siq'lit,  y«*t  ]>otpnt  in  iitidemiming  lioaltli,  if  not  directW 
causative  of  disease.  Tlie  collars  of  housos,  aa  ueii&lly  consiructcd.  form 
iin  harrier  lo  the  escape  of  air  from  the  subsoil.  When  artificially  heat«d, 
th«  forceof  Mitrtion  is  jidded  to  theot!ier  forces  at  work  in  eauaing  an  up* 
wartl  current  of  air.  In  this  vr^y  air  may  be  drawn  from  a  great  depth, 
as  n-r^U  as  from  a  distance  lutcrnlly.  and  will  convey  with  it  impurities  (it 
may  be  diaeaso-gt'rnis)  dttrived  from  the  various  sources  of  contamination 
no  frequently  present  about  and  mi<ier  our  habitations.  In  this  manner, 
roal-gaa,  efTluvia  from  piivy-wells  and  eesspools,  sewer-g«s  from  defective 
drain-pipes  and  imperfectly  constructed  sewers,  and  the  exhalations  from 
ti  tilth-sodden  soil,  which  too  frG(|uentIy  fonna  the  foundation  and  tooal 
surroundings  of  dwelling-houses,  pollute  and  )>oi80Q  the  atmosphere  vro 
lireatiie. 

To  prevent  tlie  jK>llutioii  of  the  ground-air,  is  of  primary  importanei*. 
niis  may  be  accomplished  by  removing  the  sources  of  contamination,  and 
Hy  facilitating  the  natural  pnx-esses  of  purification  aral  relieving  the  over- 
taxed powers  of  the  soil  liy  drainage  and  ALTation.  Then,  in  the  second 
place,  protective  measures  may  bo  resorted  to  for  additional  berurity.  .Vs 
has  been  shown,  ii  is  impossible  to  prevent  the  circulation  of  grouuil-air, 
but,  by  suitable  de\-ice5,  it  may  be  diverted  into  other  and  less  hurtful 
channels,  and  its  pernicious  influence  reduced  to  a  minimum.  This 
can  be  aocomplijihed  by  laying  the  baaement-noors  of  the  entire  dwell- 
ing, 88  well  as  the  foundation-walls,  on  a  bed  of  concrete,  aa  shown  in 
Fig.  3,  A,  and  by  using  damp  courses,  B,  made  of  iraper^nous  malerutU, 
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Pio.  ."J.— BvtnKfnr.  PliMtr.     Amuigeiaentn  to  uolndeKroiiDd-nir  And  danii'n<;iii.    A, 
c<dicri-te  l>cd ;  ti,  Guuiip-|)roo(  cuurse ;  C,  Mfibftlb  flwr. 


such  as  cement  and  slate,  or  asphalt,  or  vitrified  stoneware  tiles,  between 
the  layers  of  stone  in  the  walls  just  above  the  ground-level.  By  these 
means  both  the  dampness  and  air  of  the  underlying  soil  will  be  prevented 
from  entering  the  building.  A  layer  of  got>d  asphalt,  C,  placed  over  the 
coiK-reted  basement  floors  will  make  an  excellent  finish,  and  will  more  com- 
pletely secure  the  object  desired.  AnadditioiiHl  prot<Tlion  will  l>e  secured 
by  having  a  dry  area  between  the  surrounding  ground  and  the  external 
^valls,  as  represented  in  Fig.  3.  The  area  should  be  well  draint-<1  and  ven- 
tilated.    When  the  sul>Aoil  is  x'ery  impure,  us  is  often  the  case  wlinn  the  ait* 
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seleclcil  is  u])on  "  mHiJo-groam.l,*'  a  good  layer  of  elmiroal  may  he  ifiior- ' 
}KiiM>d  with  advantage,  trn  »ujfgeateil  by  Rawltiisou.  It  may  even  Lk?  advis- 
able, in  some  ciines,  to  raise  tlie  house  a!x>ve  the  ground-surface,  that  n  free 
ventilation  mav  he  secured  between  the  lower  floors  and  the  ;rround.  lo 
many  of  tlie  summer  resorts  along  llie  coast,  this  praotice  has  hecomn  a 
MH.tii£ary  necessity,  on  account  uf  the  peculiar  formation  of  the  soil. 

The  paving'  of  towns  undoubtedly  lessens  the  ascent  of  effluvia  and 
rjiininishes  the  chances  of  soil-pollution  fron»  surface-itnpurities,  but  by 
impeding  the  upward  circulation  uf  the  confined  air,  it  may  tend  to  in- 
(urease  the  habllity  of  the  hou&e-air  to  dehicmont  by  diverting  the  ground- 
air,  frecfuently  charg*!d  with  ooaVgas  and  sewer-jjas,  toward  the  least 
resisting  and  unprotected  channels  of  exit  offered  by  carelessly  constructed 
cellar  floors.  Cases  are  on  j-ecord  wliich  senm  to  prove  the  correctness 
of  the  statement.     The  means  of  protection  above  suggested  will  guard 

rMainst  this  casual  source  of  danger. 
P  A  sugg<*stioti  has  been  niade^  witl)  the  twofold  ohject  of  preventing 
the  ingress  of  ground-air  into  our  dwellings  and  of  affording  a  means  of 
ventilation  of  the  soil,  it  is  to  have  a  ventilating  chamber  construetcd 
under  the  entire  surface  of  the  cellaflfloor,  separated  from  the  basement 
by  an  intervening  pavement  uf  some  mipervious  mulerial,  such  as  asphalt. 
This  chamber  is  to  be  one  foiit  in  depth,  and  connivrted  with  a  chimney- 
Hue,  ao  as  to  carry  off  the  ground-air  which  rises  into  it  in  aututiin,  winter, 
tand  spring.  During  the  summer,  when  the  ground-air  beneath  the  house 
ainks,  a  current  of  fresh  air  passes  downward  and  rises  to  the  heated  sur- 
face outside  the  house. 

Provision  should  be  made  for  facilitating  the  ventilation  of  the  soil  in 

It  cities  where  the  surface  is  covered  by  pavements,  which  more  or  less  lm> 
pede  the  free  passage  of  air.  The  free  admission  of  the  atmospheric  air 
into  the  ground  is  beneficial  by  diluting  tlu*  ground-air,  and  by  preventing 
its  stagnation,  and  by  pniniuting  the  oxirlation  of  organic^  matters.  This 
may  be  secured,  to  a  great  extent,  by  reserving  numerous  places  for  pub- 
lie  squares,  and  spaces  adjoining  houses  for  garden  plots,  which  should  be 
covered  with  vegetation.  Care  slionld  be  taken  that  these  places  are  not 
suffered  to  become  polluted  by  surface-detilement,  in  which  C4ise  the  last 
evil  would  be  worse  than  the  first. 

I'orous  soils  being,  as  a  rule,  considered  healthy,  on  this  account  the 
precaution  to  intercept  and  cut  off,  by  suitable  means,  the  ascent  of 
ground-air  into  lionseH  should  not  be  omitted,  since  such  soils  arc  some- 
times malarious,  and  they  may,  on  account  of  their  porosity  and  the  suction 
power  of  the  heated  air  of  houses,  allow  impurities  to  be  conducted  from 
a  long  distance. 

The  nature  of  the  impurities  of  the  air  derived  from  the  soil  under 
various  cmditions  has  been  fully  distiussed  elsew^hcre.  We  shall,  there- 
lore,  in  this  place,  simply  allude  to  some  of  the  more  prominent  BOurcea 

'  Staehe  aild  Ntemeycr :  Boden-VeatUatioD.  ala  Schutimitt«l  wld«r  Cholera  ond 
TyiJitu,  1873. 
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of  pollution  of  (ho  ground-air,  and,  through  this  rhannct,  of  the  atmoi 
phcru  wo  breathe.  The  incphitic  ^ases  from  cciispuola  and  privy-weils, 
aii4  even  the  fluid  contents,  may  pass  into  the  surruunding  aoil,  and 
charge  thi^  ground-air  with  morbific'.  eh'nmntH.  Srwajre  emn nations, 
and  likewise  the  sewaj^e  itself,  esfape  into  the  g^round,  saturate  it  with 
impurities,  and  supply  the  inoro  important  ronditions  favoroblft  to  the*  fur- 
ther contamination  of  the  ground-uir.  The  omia^ion  to  remove  solid  and 
liquid  oftuiisive  matters  from  inhabite^l  plaees  is  another  and  ver>'  common 
rause  of ''ground-air*^  pollution.  Thnse  matters,  by  soakape,  fill  up  the  in- 
terstices of  the  Boil,  and,  under  favorable  conditions  of  heat  and  moistun*, 
uKually  prcKent,  undergo  changes  that  give  rise  to  thedevclnpmeniof  nox- 
ious effluvia,  ^vliich  are  imjx>rtant  factors  in  the  uauttatioti  of  disease.  From 
all  these  sources  may  be  produced  not  only  gaseous  products  of  organiL^ 
decomposition,  which  are  da.ngerous  to  health  in  proportion  to  thedegrin* 
of  concentration,  but  other  and  more  important  agent*  in  the  produrtion 
of  disease,  those  morbific  ferments,  or  "septic  ferments,"  as  they  ha%-« 
been  called,  wliidi  seem  to  be  inseparably  connected  with  i-ertain  i^lpa- 
ble  elements  or  organisms,  of  microscopic  minuteness,  and  which  find  favor- 
able conditions  for  development  ir^hiils  loaded  with  oozings  from  sewon 
and  cesspools,  and  from  refuse  heaps  and  middens. 

The  emanations  from  the  soil  of  graveyards  and  cemeteries  generally 
contain  putrid  organic  matters,  an  exress  of  carbonic  acid,  and  the  low 
forms  of  oell-life.  Independent  of  human  agency,  there  are  emana- 
tions that  take  place  from  the  soil,  particularly  of  low,  marshy  Unda, 
which  give  rise  to  certain  forms  of  fovor,  to  which  the  term  ntaUtri4Bi 
has  bcwn  cunmionly  applied.  '*  It  has  been  frequently  alhrmed  as  a  gcn-^ 
era!  truth  that  the  great  diffcrem^  of  one  country  from  another,  in  point 
of  salubrity,  consists  in  the  greater  or  less  proportion  of  Aoil  which  pro* 
duces  noxious  effluvia."  The  nature  of  malaria  has  been  a  aubjcrct  of  iJir 
widest  speculation.  Of  the  numerous  hypotheses  promulgated  frum  time 
to  time,  not  one  has  been  aooepted  as  explaining  fully  what  the  poison  ia, 
and  the  true  and  essential  causes  oonoemed  in  its  production.  CcrlaiD 
conditions  of  the  m\\  and  states  of  the  atmosphere  have  been  described 
as  being  generally  asKuciatod  in  regions  where  mnlnriH  prevails;  but  in- 
stances oticur  in  which,  with  all  the  conditions  prcst-nt  that  appear  to  be 
favorable  for  the  development  of  the  poison,  ther«  is  complete  immunity 
from  the  diseases  it  is  said  to  prodtme;  while,  on  the  other  band,  well 
authenticated  examples  are  not  lacking  of  regions  notoriously  malarious, 
where  the  conditiuns  {mainly  of  th'*  soil)  which  ap[H'ar  to  be  most  csecnlial 
for  the  development  of  the  malaria  aro  cntiroly  absent.  The  irkKtanoc« 
of  malaria  in  elevated  regions,  where  the  soil  is  dry  and  is  clnthoi)  with 
scanty  vegetation — as,  for  example,  in  the  Tuscan  Apennines,  on  the 
Pj^reneet,  and  on  the  lofty  mountains  of  Peru,  4it  an  elevation  of  U>,0(h* 
feel — are  cases  in  point.  These  apparent  contradictions  only  go  to  show 
how  imperfect  is  our  knowledge  of  the  nature  and  causes  of  inaJario.  Hii^ 
theory  that  malarial  fevers  are  caused  by  exhalations  from  thifsoil  nhargrd 
with  the  products  of  decomposition  of  vegetable  orgauistns.  by  virtue  of 
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abtle  poison  they  contain,  or  by  a  combination  of  soromi  factors, 
IBS  irerv  common  one.  Some  obsprvera  maintain  that  the  poison  is  olab- 
oratod  in  the  soil,  and  is  rommuniratml  by  tho  agency  of  Hrinking-water. 
Othoi-s  attribute  the  poison  to  oxhulations  from  living  plants,  and  to  sub- 
lorrancoua  gases  of  volcania  urtcrin.  Heut,  oleutriLMty,  and  chill  have  tfl) 
been  aftsignod  as  causes  of  malarial  fevers.  The  theory  that  tho  active 
principle  causing  tht-M'  diw^ascs  nwidcs  in  tho  low  forms  of  vogelablo  or- 
ganisms, aporea  of  algii*,  has  also  been  revived  of  late  years.  SuflicieiiL  is* 
known  of  the  conditions  under  which  malarial  fevers  do  occur,  without 
detemiintng  tho  active  principle  of  causation,  to  warrant  the  conolu»ion 
that  the  agent  is  Bssociatetl  with  "some  kind  of  decoinpiKsititm  or  fermen- 
tation going  on  in  tho  soil,  capooially  vt^en  conditions  come  logothor  of 
organic  matter  hi  the  soil,  of  moisture,  heat,  and  limited  accesa  of  air." 
(IVrkes.) 

The  dise^iscs  which  have  been  attributed  to  emanations  from  the  soil 
are  (aa  stated  by  r)r.  Parkes)  paroxysmal  fevers,  enteric  fever,  yellow 
flavor,  bilious  remittent  fever,  cholera,  and  dysentery. 

This  formidable  array  of  maladies,  all  belonging  to  the  class  of  pre- 
vi'ittabln  diseases,  HUggests  a  wide  and  fruitful  field  for  accurate  sanitary 
ill  vest  igationa. 


2.    Wattr  in  th«  Soil. 

Tho  water  in  the  soil  may  be  conveniently  studied  under  the  two 
rliviNJoiis  of  t/toisfU)'f  or  dampness,  and  of  f/ronnd-jpntfr.  The  term  mois- 
ture is  used  to  designate  water  in  the  pores  ot  the  soil  in  contact  with  air, 
the  amount  ever  varying  according  to  the  nature  of  the  soil,  influences  of 
heat,  and  conditions  of  supply,  etc.  Ground-water,  a  term  derived  from 
the  German  **  Grundwasst-r,"  ia  the  continuous  stratum  or  body  of  %fater 
formed  by  filling  to  repletion  all  the  pores  and  spaces  in  the  soil  to  a  cer- 
tain level,  found  at  different  depths  beneath  tho  surface  of  the  ground. 
The  surface  of  this  sheet  of  water  is  called  the  water-level,  water-table,  or 
Hne  of  saturation  in  the  soil,  and  forms  a  distinct  boundary  between  the 
underlying  saturated  soil  and  the  ground  above  it  which  is  merely  moist, 
that  is,  contains  water  nnd  air  in  %iiriable  quantities. 

There  is  the  grrattist  difference  in  soils  with  respont  to  their  power  to 
absorb  and  retain  moisture;  scarcely  any  arc  without  it,  and  some  possess 
the  property  to  a  very  rnmarkable  extent.  Nor  is  this  property  confined 
to^he  disintegrated  niHtcriais  combined  in  the  formation  of  soils;  the  rocks 
from  which  they  originate,  even  those  of  the  denser  atrnrturc,  are  caj)ab!o 
of  taking  up  a  certain  amount  of  water.  Ordinary  uncrystalliiio  sedi- 
mentary rocks,  and  even  granite  anrl  trap-rock,  absorb  moisture.  Some 
of  these  formations  when  taken  fn^m  the  quarries  are  more  or  less  satu- 
rated with  water.  The  more  compact  gravels  contain  pores  or  spaces  to 
tho  extent  of  one-third  of  their  hulk,  which  may  be  Itlled  with  water  as 
well  as  air.  This  may  be  clearly  demonstrated  by  filling  a  vensol  with 
gravel  and  pressing  it  down  so  compactly  that  the  bulk  uf  the  gravel  can 
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no  longer  be  iliminisheil,  and  thcii  l>y  iKilinir  tlif*  fttncmnt  of  vFntrr  that  can 
be  poured  into  the  vessel  winch  was,  a)>]>arfntly,  fiitirtly  fiUcU  with  gravel. 
The  quantity  of  water  taken  upby  the<lry  j^nivel  will  amount  to  about  one- 
third  of  its  volume.  Such  a  soil  as  this  constitutes  the  foundation  of  thf> 
oiiy  of  Munich,  which  has  been  the  subject  of  careful  and  notewortliy  in- 
vestigations at  the  hands  of  Peltenkofer. 

A  strong  clay  soil  may  retain  *^7  per  cent,  of  water;  a  moderately 
heavy  soil,  30  to  31  per  cent.;  a  sandy  loara,  33  to  36;  and  a  black  loam 
rich  in  /titnutji,  1]  per  cent,  (Wolff.)  Humus  is  exceedingly  tenacious  of 
water,  and,  according  to  some  experimenters,  may  contain  as  much  as  CO 
per  cent,  of  its  volume.  Dried  quartz  can  take  up  a  large  per  cent,  of 
water,  and  even  sands  have  thu^iower  to  contain  moisture  to  a  consider- 
able degree.  A  new  well-made  brick  will  hold  as  much  as  a  hatf-pint  of 
water.  Chalk  takes  up  from  13  tn  17  per  cent.,  some  sandstones  as  much 
as  20  per  cent.,  and  granite  from  0.4  to  4  per  cent. 

An  examination  made  with  referenc«  to  the  choice  of  building-stone 
for  the  Houses  of  Parliament  in  18^J9,  developed  some  interesting  facia 
pertinent  to  the  present  subject.  Some  of  the  results  may  be  cited.  It 
was  found  that  the  absorption  of  water  for  100  volumes  of  rock  was  •& 
follows ; 

For  three  silicions  limestones,  5.3,  8-5,  and  10.0;  for  four  nearly  pure 
limestones  from  oolite,  18.00,  ?0.6,  J!4.4,  and  3I.(»;  for  four  niagnoran 
limestones,  18.2.  ii^.O,  *.J4.i»,  26.7;  and  for  s-ix  sandstones,  10.7,  11.^  14.3. 
15.6,  17.4,  and  22.1. 

In  all  the  oxpcjimonts,  the  air  wa»  removed  by  placing  the  rock  in 
water  under  the  vacuum  of  the  air-pump;  the  amount  of  water  absorbed 
by  simple  immersion  would,  in  all  cases,  l>e  much  less. 

Rain  is  the  principal  source  of  moisture  in  the  soil.  The  arooont  ab- 
sorbed depends  upon  the  nature,  condition,  and  situation  of  the  soiL  The 
inclitmtioii  of  the  ground,  and  the  facility  for  sui>orfieiol  drainage;  the 
previous  state  of  the  soil  as  to  moisture;  the  character  of  the  rainfall — 
which  may  be  so  rapid  as  to  partially  prevent  absorption,  mucii  uf  the 
water  passing  off  by  the  natural  channels  of  drainage;  agencies  promot- 
ing evaporation,  such  as  heat,  wind,  etc. — all  iutlucnce  the  amount  of  rmia 
passing  into  the  ground. 

Another  source  from  which  the  soil  derives  moisture  ts  through  iU 
power  of  attracting  the  vapors  of  water  in  the  air.  In  rtinlMB,  tropical 
regions  this  property  of  the  soil  is  of  the  greatest  value.  Bui  a  more  im- 
i>ortant  source,  in  the  present  connection,  is  presented  by  the  grouud- 
water  itself.  From  the  surface  of  this  underground  lake  a  constant  uts- 
lillation  of  water  is  taking  place  toward  the  surface  of  the  ground.  By 
cApillary  attraction  a  quantity  of  moisture  from  the  de«)»er-]ring,  satu- 
rated strata  is  constantly  being  imparted  to  the  superinouml>ent  Uvit*. 
The  humidity  of  the  .soil  is  further  dependent,  and  to  a  very  coiisidcrahle 
degree,  upon  the  rise  and  fall  of  the  ground-water. 

The  amount  of  moisture  in  a  gfiven  soil  may  be  determined  roughly  by 
drying  a  weighed  quantity  in  a  drying-chamber,  and  noting  the  lo«a  of  ] 
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wciglit;  then  by  heating  it  in  k  steam^  or  air-bath  until  it  ceases  to  lose 
weight.  The  entire  loss  of  weight  will  give  approximately  tlie  iimouiituf 
iHOtisturG  containud  in  the  soil.  To  Jelennine  tho  power  of  absorption  in 
any  soil,  t\ry  a  sample  of  it  by  cxpoKure  to  \uMt  HiilVieiont  to  <lrive  ofT  all 
the  moisture;  then  weigh  It,  and  expose  in  a  shallow  tray  to  the  atmos- 
phere, and  note  the  inureaso  n(  weight  under  different  conditions  nf  tem- 
perature and  humidity  of  the  atmoi^liere,  at  night  us  well  us  in  daytime, 
to  dwteniiine  the  amount  of  water  it  will  condense  from  the  air.  The 
dried  soil  may  also  be  exposed  to  the  atmosphere  saturated  with  moisture 
by  placing  it  under  a  IwH-jor  in  a  shallow  tray,  together  with  a  shallow 
vessel  of  water.  The  weight  of  the  dried  snj]  being  known,  any  changes 
will  be  obscrvttil  by  weighing  it,  from  time  to  time,  during  twenty-four  or 
forty-eight  hours.  A  mure  exact  mode  of  determining  the  amount  of 
water  absorbed  by  soiIh  and  rficks  hsK  been  pre>>entefl  on  ajirevious  pagou 

The  subterranean  waier-betl  is  formed  by  the  arrangement  and  struc- 
tural charaeter  of  the  subjacent  strata.  The  dip  of  the  underlying  imper- 
meable strata^  aiid  their  relative  position  to  the  surface  of  the  ground, 
fletenntne  the  depth  of  ihe  s(til-wu,ter.  Its  level,  instead  of  being  nt  or 
near  the  surface,  as  in  a  marsh,  may  be  at  a  very  great  depth. 

The  ground-water  is  in  continual  movement,  generally  toward  the  sea 

nearest  watercourse.  The  movement  is  influenced  by  the  amount  of 
in-fall,  the  resistance  encountered  at  the  outfall,  and  by  the  topogra- 
phical relations  and  physical  properties  of  the  sail.  The  roots  of  trees 
are  aald  to  retard  tho  (low  of  the  ground-water. 

The  velocity  of  the  flow  is  never  groat,  it  may  be  hardly  perceptible. 
In  Berlin,  according  to  Virchow^,  the  movement  of  tlie  ground- water  to- 
Miards  the  Spree  is  very  slight;  in  some  places  it  is  almost  null  ;  while  in 
Munich,  where  extended  observstions  have  b<*en  ma»ie  by  Pettonkofer, 
the  rale  of  movement  toward  the  Isar  is  fifteen  feet  daily.  The  water- 
table  is  subject  to  constant  changes;  the  variations  and  rapidity  in  ila 
rise  and  fall  differ  very  much  in  different  places  and  at  different  seasons 
of  the  year.  In  srmii*  places  there  is  but  alight  variation  in  the  level  of 
the  soil-water.  In  other  j>iaces  the  difference  between  thfi  highest  and 
lowest  water-level  in  the  year  may  Tie  many  feet.  This  is  particularly  the 
cose  iTi  those  regions  where  the  rain-fall  is  confined  to  particular  seasons 
of  the  year,  and  is  excessive,  as  in  certain  parts  of  India,  for  example, 
where  the  difference  between  the  maximum  and  minimum  depression  of 
the  water-level  has  atnounted  to  seventeen  feet.' 

As  has  been  intimated,  the  variations  in  tiu;  water-level  are  caused  by 
the  amount  of  rain-fall  and  evaporation,  olianges  in  the  character  of  the 
passages  of  escape,  and  the  resistance  of  the  water  at  the  outlet.  High 
tides  and  freshets  may  cause  a  very  percojitihle  rise  in  the  level  of  tho 
soil-water.    The  amount  of  rain-fall  cannot  be  taken  as  a  reliable  measure 


'  The  UmitB  between  the  highest  and  Invest  water-level  in  the  year  are  10  feat  In 
Mnninh,  nearly  17  feet  nt  Snugor,  India,  ood  1^  feet  at  Jubbolpore.  At  Calcutta 
uimI  Bombay  tbe  chaugen  are  ai«o  very  marked. 
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of  the  state  of  tlio  ground -water,  since  the  efferta  of  rain  are  frequently 
only  ajipreciable  aflur  the  lapse  of  cuiiaiderabie  time,  and  are  oftea  man 
marked  at  a  distance  from  the  area  of  rain.  The  same  amount  of  rain 
does  not  affect  all  soils  alike,  and  the  same  soil  in  different  years,  with 
the  ftame  r|Uantiiy  of  rain,  shows  a  marked  variation  in  th»  level  of  lhe> 
ground-water.  The  height  of  tho  water-level  way  be  easily  detormined 
by  taking  the  measurement  of  the  ^rfacc  of  the  wuter  iu  a  number  of 
wells  in  the  locality  for  which  the  inquiry  is  to  be  made.  It  is  not  rioOM* 
aary  to  mention  the  devices  »ised  for  the  purpose';  it  may  be  proper,  how- 
ever, to  suggest  caution  in  the  use  of  material  that  will  not  give  false 
results.  Care  should  also  be  taken  lest  peculiar  chan^c^s  in  the  water- 
level  of  some  wells,  due  entirely  to  some  local  condition,  be  used  to  inter- 
pret the  general  water-level  of  thu  dtstnct. 

The  rrffe  played  by  soil-moisture  in  connection  with  the  etiology  of 
disease,  has  assumed  fresh  importanee  since  the  results  uf  BowdiCeh, 
Buchanan,  Pettenkofer  and  others  have  boon  given  to  the  world.  A 
humid  soil,  sinipiy  sis  such,  is  proverbially  unhealthy,  and  marshy  and 
water-loggf<l  lands  iiave  long  been  recognized,  the  world  over,  a»  a  cause 
of  paroxysmal  fevers.  It  is  known  that  the  exhalations  from  mout  soiU 
impregnated  with  organic  matter  (in  a  state  of  decomposition),  exert  a 
deleterious  influence  upon  the  health.  Contaminated  soil-water  Rowing 
into  wells  from  which  the  supply  for  drinking  purposes  is  obtained,  is  alito 
accepted  as  an  agency  by  which  disease  i^  frequently  produced.  But  it 
is  only  recently  that  investigations  have  been  made,  which  conclusively 
prove  that  humidity  of  the  soil  h  an  ini{>ortaiit  factor  in  (he  production 
of  diseases,  immensely  destructive  of  life,  which  have  hitherto  been  sup- 
posed to  be  only  slightly,  or  not  at  all,  affected  by  this  cause.  Or.  Bow- 
ditch'  has  shown  that  this  characteristic  of  the  soil  is  one  of  the  primal 
causes  of  consumption  in  Ma-s^achusotts,  and  perhaps  in  New  Kuglaiid  ; 
and  Dr,  Buchanan,  by  a  series  of  independent  observations,  has  arrived  at 
a  similar  conclusion,  namely,  "that  wetness  of  the  soil  is  a  cauM<  of 
phthisis  to  the  population  living  upon  it,"  and  he  adds  that  thia  proposi- 
tion "may  now  be  affirmed  gi>nerally,  and  not  only  of  partieular  diatTicts." 

Enteric  fever  is  another  disease  that  may  bo  mentioned  in  this  con- 
nection. The  hypothesis  that  its  causation  is  connected  with  certain  ob- 
scure changes  in  the  soil  which  bear  a  fixed  relation  to  thr  lluctuations  in 
the  level  of  the  ground-water  has  the  support  of  many  competent  olwerv- 
prs.  especially  in  Germany.  Foremost  among  these  is  L)r.  PcHenkofer. 
whose  investigations  of  the  subject  in  connection  with  the  soil  of  Munich 
have  become  celebrated.  While  the  facts  brought  forward  to  show  the 
relationship  between  the  state  of  the  water-level  and  thi*  prevalence  of 
enteric  fever  seem  to  clearly  indicate  that  it  is  more  than  cnaual  in  some 
districts  where  long-i^on tinned  observation:*  have  been  made — in  that  of 
Munich,  for  example;  in  other  districts,  where  similar  inquiries  have  been 
made,  the  relationship  has  been  found  to  bo  wanting. 
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A  sirailftr  theory  has  been  advanced  with  respect  to  the  caasation  of 
cholera,  ami  strlkiiig^  examples  have  been  furiiishctl  to  prove  the  oornM^l- 
new  of  the  view.  Ncilhcr  of  the»e  particular  theories  has  been  gen- 
erally accepted  by  Llie  medical  profession.  XevertheltiAS,  it  must  be 
mill«'d,  that,  if  not  in  the  particular  mode  which  the  advocates  of  the 
';gi-ou lid- water  theory  "  would  have  us  accept  as  the  exclusive  one,  a  wet 
Boil  is  a  sif^nificant  element  in  the  causation  of  these  diseases,  inasmuch 
as  it  favors  the  decomposition  uf  excrcinental  and  otiier  litth,  so  readily 
absorbed  by  moist,  porous  soils,  the  products  of  which  infect  the  air  and 
mingle  with  and  pollute  the  groundwater,  which  in  turn  contaminates  the 
water  of  wolls  and  springs. 

Water  in  the  soil  is  injurious  to  hsalth, — hy  thi>  effects  of  dampness, 
simply  as  such;  by  favoring  the  decotnposition  of  organic  matters  in  the 
soil,  and  the  evolution  of  unhealthy  olfluvta;  and  by  the  effect  of  the 
ground-water  itself  through  its  liability  to  become  polluted,  in  whioh  case 
it  is  dangerous  to  health,  especially  when  it  is  the  source  of  supply  of 
water  in  wells  and  springs  used  for  drinking  purposes.  The  effects  of  a 
damp  soil  are  presented  in  the  following  conclusions  laid  down  In  the 
English  Sanitary  Ucport  for  1852:  "1.  Excess  of  moisture,  even  on 
lands  not  evidently  wot,  la  a  eausH  of  foga  and  damps,  'i.  Dampness 
serves  as  a  medium  of  conveyance  for  any  decomposing  matter  that  may 
be  evoU'od,  and  adds  to  the  injurious  effect  of  such  matter  in  the  air;  in 
other  words,  the  excess  of  moisture  may  be  said  to  increase  or  aggravate 
excess  of  impurities  in  the  atniosplicrc.  3.  The  evaporation  of  the  sur- 
plus moisture,  lowers  temperature,  produces  chills,  and  creates  or  aggra- 
vates the  sudden  and  injurious  changes  of  temperature,  by  whioh  health 
is  injured.*' 

Moisture  is  an  essential  element  in  the  process  of  organic  decomposi- 
tion in  the  soil,  by  which  those  mysterious  products  are  evolved,  which 
are  known  by  their  effects  to  be  injurious  to  health.  Heal  and  a  moder- 
ate supply  of  air  are  also  iinccssary  factors  in  the  establishment  of  the 
process.  "The  gmund-water  is  pres\imcd  to  affect  Iieallh  by  rendering 
the  soil  above  it  moist,  either  hy  evaporation  or  capillary  attraction,  or 
fjy  alternate  wettings  and  dryings."  (Parkes.)  The  changes  in  its  level 
furnish  the  best  means  we  have  for  det«rmining  the  variations  in  the 
moisture  of  the  soil.  "  It  is  generally  admitted,"  says  Dr.  Do  Chaumont,' 
"  that  a  persistently  low  ground-water,  say  Ufteen  feet  down  or  more,  is 
liealthy;  that  a  persistently  high  ground-water,  less  than  five  feet  from 
the  surface,  is  unhealthy;  and  that  a  fluctuating  level,  especially  if  the 
uhangcs  arc  sudden  and  violent,  is  very  unhealthy."  The  constitution  of 
the  ground-water  is  influenced  by  the  character  of  the  soil  and  the  sub- 
stances found  ill  and  upon  it.  And  this  is  an  impurtant  fact,  since  the 
ground-water  is  the  source  of  supply  of  wells  and  springs. 

The  indications  presented  by  the  foregoing  considerations  may  be 
summarized  as  follows:     1.  In  the  construction  of  dwellings,  to  provide 
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the  moRt  efficient  meann   for  excluding  dumpiieiis  from  the  fouudatton 
walls  and  bftstnnent  lluors. 

2.  To  kef)])  the  »oil  froo  from  impurities  of  whntsovver  nature. 

3.  To  render  the  soil  drier  hy  undergruuml  drainage  and  by  opening 
the  outQow. 

Whatever  may  be  the  character  of  the  soil,  it  U  always  safe  and  advis' 
able  to  uiid<*r!ay  tho  entire  foundation  of  a  houso  with  a  Uyr  of  can* 
crote,  as  shown  in  Fig.  3.  A  damp-proof  course  should  be  constructed 
itl  the  walls  just  above  the  surface  of  the  grouiidf  to  prevent  moiature 
from  striking  upward  by  capillary  amactiotu     Various  kinds  of  tnatorisJ 
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Tto.  i.—Vi'it\\  with  dftrnp-proof  oonrfto  of  rltriflfl4  ctoMw^rv  tile*  (Uwitel. 
FlO.  5.— Vttriiicd  rtoocwarc  tilu. 

have  been  used  to  form  damp-oourscs,  They  have  boon  made  of  slat* 
embedded  in  cement,  of  layers  of  slieet  lead,  an<l  of  layers  of  asphalt.  < 
Krmmelled  bricks  have  also  be«u  used  with  advanugo.  But  th«>  best 
article  thus  far  devised  is  the  vitriHed  stoneware  tile,  which  is  mado 
in  different  ptttteni.-*  and  thiekneaw'S,  and  perforat»Ml  in  order  t<i  per- 
mit free  access  of  nir  between  the  floor  and  the  ground.  A  numbed 
of  these  tiles  are  sliown  at  Kig.  a.  Theso  thniip-etiurs*'^  should  be  laid 
through  the  entire  thickness  of  the  wall&,  snd  at  a  few  inches  aliovn  the 
ground,  or  sufficiently  high  to  avoid  the  effects  of  splashing  from  raina. 
Kig».  4  and  8  represent  dump*proof  courses  in  position.  Th**  ivindition  of , 
llie  wall.**  of  <>/»/  houses  may  he  greatly  improviil,  und  the  houses  rundenni 
more  habitable,  by  cutting  out  tho  wnll  ami  inserting  dainpH-oursAs. 

Athlittonal  proteclinn  against  ilanipne<ta  mavbe  secured  by  iutorpnsing 
well-drained  areas  l>Btween  the  ground  and  the  baA^mont  walla.  a«  shown 
nt  Kig.  3.  This  is  decidedly  the  best  pian^  but  where  it  cannot  \jv  adopted 
hollow  walls,  or  the  so-called  "dry  areas,"  are  recommended-  These  are 
eonatructed  by  leaving  an  air-space  lietween  the  basomont-watl  and  ■ 
second  or  area  wall,  which  joins  the  main  wall  just  ab(iv«*  the  gmnnd-Ievet, 
nit  seen  at  Kig.  '>.  Another  plan,  highly  reoornnii'nde<l  by  Mr.  ICaMi"', 
consists  in  the  use  of  viiritied  .^tonewnre  tiles,  sueh  as  an*  d»-!«igniHl  for 
Hut  dump-courses,  placed  perpeudicularly  so  as  to  form  a  wall-cosing  up  to 


the  ground-floor.  As  represented  by  Fig.  ?,  the  casing,  wliieh  forms  a 
sort  of  Bupplemetilarv  wall,  is  boiuled  to  the  brickwork  of  llie  boust*  by 
the  same  kind  of  stont.'ware  tiles.  The  requisite  support  nmy  be  given  to 
the  outside  wall  by  using  bonding  bricks,  or  wall-tien  made  of  impermeable 
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Fm.  7  — Watt-<n>ire  of  ritriflitfi  tilas  (B«saie>. 


material,  such  as  tli©  tiles  just  described.  Patent  stoneware  bonding- 
bnokH  are  mueh  ust^d  in  England,  and  answer  a  very  useful  purpose.  The 
spaces  between  the  walls  should  be  ventilated,  and  the  bottom  of  the  area 
well  concreted  and  dratne  L  Hollow  wnlls  furnish  the  best  proof  against 
dampness  from  the  water  ^alll|-^led  earth,  and  ttie  splashings  of  heavy 
rawis  They  affonl  the  very  beat  nu*an4  of  preventing  the  moisture  from 
the  outside  walls  of  buildings  from  passing  to  the  ins!  le,  and  may  be  used 
with  advantage  wherever  buildings  stand  in  an  exposed  situatiou.  The 
maimer  of  cotistruoxiftg  such  a  wall  is  illustrated  at 
Fig.  6  The  bonding  brick  for  coiinei-tnig  the 
twin  walla  is  the  device  of  Mr  Jennings,  who 
claims  for  it  this  advantage,  that  it  will  prevent 
the  pas-sage  of  moisture 

In  addition  t  >  these  measures  to  prevent  damp- 
ness it  will  often  be  necessary  to  drain  the  site  of  a 
building.  Deep  druniage  not  only  removes  the  bad 
effects  of  dampness,  but  it  is  also  of  advantage  by 
aerating  the  sod  so  as  to  enable  it  to  perform  its 
functions  of  oxidising  the  injurious  products  of  de- 
composition. Uy  the  free  circulation  of  air  in  the 
■oil  the  work  of  natural  jniriticatmn  is  proinr)ted 
Drainage  aids  the  process  by  removing  tfie  water 
from  the  pores  of  the  soil,  and  by  facilitating  the 
entrance  of  air  which  is  required  for  oxidation. 

Clay  soils   possess  the  projwrty  of    retaining      f,..  s._Hoi|o,rwaU.aua 
rhoisiare,  which  it  is  diffifiili  to  overcome,  even  bv  J^-nninifn'    i^u-nt    iiondiog 
well-deviKe^l    plans  of   dr.iiiiag<*.     The   flat,  san<ly      """"^ 
soils,  that  in  some  places  skirt  the  borders  of  the  sea,  are  always  moist  at 
a  little  distance  below  the  surface,  on  account  of  the  nature  of  the  locality, 


.~   ';:;i-ii  cuiiiiot  're  T-i'iM-r.v  crained — shou^i.  i> 

-.-i'.-<i  '1.1  iflevatc  '.Zi~  zw-.-.i:?  suffitiently  al.'--v.r 
-rriiit  a.  free  ':.ri"_.i.":  ■:■:.  ■'■:  uir, 
^    •:•.-  v-Mitrance  c :  .r..i  ..t'.:'.^s  into  ti.»-  v-i!  ir< 


—muUffi  of  thti   >•(.... 

-  - .  -^  i; — that  15.  ir*  !;Ti*-r:':c  c-f  the  water-levplio 

■*■  -lir'ace, attii  tr.-r  r-:*:.':  r^;  :  :*  ^il  excess  of  moi>- 

— *  ■.  ii.:i  ffspect  io  ;:.  ::'•".  :„t„  reuses  to  the  sites  of 

-i^kion  to  lands,  n:£.r>:.t*.  k-.il  malarious  districts. 

.  .    •.     wi^y  devolve  i-it-.ri  ::.-i  '.y.-h.!  c-r  state  authori- 

-ii  .tiiportance  lo  :r.:-  vjr-ljc-  hvaltli.  and  Iiow- 

-  -v^trm  devised  a:..!  ex-riiJi-.-i  fir  rt-ultiTlnp  tin* 

>   uuifious  and  advi>iv> -,hat  tin-  individual 

;*  ureiition  to  the  c;:;i::ii:ri  of  the  soil  uiidrr 

".   liess  the  groiii:-.:  :.•-.-  -. .  r^iT'^rdtively  frtv  fruin 

fr     ;**fllilljj  and   the   >v,TT^  \ii:.\\::]Z  ^"ii  slu'uiil   Ik- 

■  1.  *  of  ordinary  Iand-ir.»:i:i^-L  \-\\*--    Th^drairis 

->.i.ivv  from  the  buil.ii;,:j.  i:  iii-.-  stili.r-a  froeand 

-^■'.Mtivo  the  soil  is  »  :  nioisr-.iri-.  tl:-?  irri-airr  will 

-"  -^,i:ft\l;  but,  ill  ordinary  a-oiis.  ji  sin£rl^•\^^■U-Iaid 

L  ■  ..T*'.     It  may  bo  necc-i^ary.  ii:  i-xireiiie  t;i>es,  to 

.»   .;:i::ou  of  the  buildinjr.  e>|'e«.  iaily  when  looaii"*! 

'••,  vnvaiition  should  be  ot'servi-d  to  jilueo  it  at 

■V  :ho  foundation,  and  to  Oinisir-.nt  it  in   such 

-  ■  visible  risk  to  the  suju-rstrui'lur.-.     On  this 

^      i.-y  onjjfineer  should  b-.*  sought.     ''This  drain 

■■Jvi'n  stones,  but  ordinary  Iand-draina:re  tih" 

•cajUT  and  always  better,  esiK.*ciaily  as   [irc- 

■.■    *  -u*o,  the  smallest  sized  land-drain  tile  will  bo 

:<:..:!y  wet,  at  any  season,  similar  drains  shiMiId 

-^.>  -■.'  not  more  than  fifteen   feet.      All  of  these 

^:,>;  i-^i-it  continuous  fall  toward  tiie  outlet,  and 

"tvi  .'v  havinj^  earth  well  rammed  over  them,  the 
-5»  -v:i  coated  with  concrete.  For  small  housc>.s 
.»•  vi  4ri»  ]>lcnty,  if  the  foundation  rests  on  a  layer 
.\t  or  moro  deep,  and  if  a  fjood  outlet  be  ]iro- 
..  V  tile  is  not  needful."  (Warinp.) 
,.     .    ;  ■■'.-.*  country  should  always  be  selected  with 

..  -^.-rti  dampness.  Jf  the  soil  \w.  not  dry,  it  can 
•  ";;  .:own  of  drain-tiles,  as  has  just  been  pointed 
.-  -sN'vu  how  common  is  the  negleut  uf  this  im- 
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)>ortant  feature  of  the  soil,  and  furnishes  numerous  examples  to  prove 
that  soit-moisture  has  been  the  prime  factor  in  determining  tlie  peculiar 
formu  of  disease  to  which  the  iiiinates  of  certain  huuses  in  the  country 
have  always  been  more  or  less  subject,  "  that  some  houses  may  become 
the  foci  of  consumption,  when  others  but  slightly  removed  from  them,  but 
on  &  drier  soil,  atinuat  wholly  escape." 

The  deep  drainage  of  *'  made-ground,"  especially  wheti  the  site  is  used 
for  habitations,  should  not  be  neglected.  It  is  aconiirion  error  to  suppose 
that  the  filling  up  of  sunken  lots,  often  containing  water,  and  of  low,  wet 
lands  in  the  environs  of  tnwns,  ]ire]mratury  to  the  extension  of  building 
operations,'  removes  the  injurious  influences  of  the  wet  subsoil.  Small 
streams  are  often  covered  up  in  tliis  way  without  providing  facilities  for 
the  outflow  of  the  water.  Filling  in  these  depressions  in  the  grouiid  does 
not  alter  the  water-level,  nor  remove  tlie  t^ffects  of  daniptiess;  on  ihc  con- 
trary, unless  ample  dntinage  he  |)rovided,  tiiese  new-made  sites  are  almost 
invariably  dangei*ous  Ux*ations  for  habitations.  The  surface  may^  be  cov- 
ered with  solid  material,  but  the  soil  beneath  still  remains  saturated  with 
water. 

The  channels  of  watercoiwscs  should  L>e  kept  fro©  by  means  of  draiif 
pipes  made  perviouK  tu  water.  Basins  of  water  mav  be  drained  hv  buriiig 
through  the  impervious  stratum  and  filling  in  the  wells  with  broken  stones; 
or  ordinary  drain-tilcs  may  be  used  to  carry  ofT  the  water  by  a  free  outlet. 

An  investigation,  suggested  by  the  prevalence  oE  dipliihfria  in  New 
York  in  187*2,  led  to  the  discovery  that  many  of  the  uld  watercourses  and 
natural  springs  had  been  filled  in,  years  before,  without  making  provision 
for  fri'c  dniinag^  of  the  soil.  .\nd  as  the  disease  seemed  tu  be  especially 
prevalent  along  the  line  of  these  old  watercourses,  it  was  inferred  that 
defective  drainage  v(  the  subsoil  was  concerned  in  lis  cau.sation.  He  this 
as  it  may,  it  was  generally  conceded  that  the  condition  of  iho  soil  revealed 
by  this  inquiry  was  injurious  to  the  pnhlit!  health. 

Two-thirds  of  the  deaths  that  oc^mrred  in  Dublin  during  the  epidemlo 
I'f  cholera  in  ISfJC  took  place,  according  to  .Mapother,'  on  or  close  to  the 
silos  of  old  watercourses  that  had  been  converted  into  sewers,  or  filled  up 
with  mud. 

The  extensive  works  for  draining  the  subsoil,  undertaken  In  all  civil- 
ised countries  for  the  advancement  of  agricultural  projects,  have  inciden- 
tally exerted  a  very  beneficial  influence  upon  the  public  health.  The  con- 
struction of  sewers  for  the  purpose  of  removing  the  surface-water,  and  the 
lifjuid  retnse  frtjin  houses,  has  had  the  impvirtantefTcct  of  dinunisfiing  mor- 
tality, which  effect  is  largely  attributable  to  the  drying  a(  the  subsoil,  by 
lowering  the  ground-water.  The  investigations  of  Dr.  Buchanan,  with  the 
object  of  determining  the  influence  of  the  sewerage  works  of  Kngluiul  uii 
the  public  health,  have  demonstrated  tins  fact  beyond  a  doubt.  The  fol- 
lowing table  shows  the  general  itnproveinent  whi<-h  Iihs  taken  place  in  the 
health  of  twelve  towns,  prineipaltv  iit  consequence  u(  drainage  ojrarations: 

'  Lcotures  on  Health,  p.  467. 
Toi^  I.— 27 
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TABLE   SHOWmO    THE   IMPROVEMENT    IX  THE   PUBLIC    HEALTH   BV 

SANITAUY  WORKS. ' 
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17 
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22 
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17 
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7 

36 
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14 

&C 

47 
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48 

32 
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20 

48 

31 

Mertlivv  ... 
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33.2 

26.2 

18 

60 

11 

Newport.. . 
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21.6 

32 

36 

32 
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19.1 

18.6 

2^ 

10 

43 
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9.030 

27.5 
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20 

75 

49 

10.570 

22.7 

21.0 

u 

52 

19 

The  advantages  resulting  from  deep  drainage  o(  the  subsoil  o{  towcu 
are  so  manifciit  that  there  can  no  longer  be  any  doubt  as  to  the  duty  of 
the  local  authoritiea  to  construct  works  in  all  urban  districts  with  ^jKM'ial 
referencH  tn  drying  and  avrating  the  subsoil.  How  best  to  construct  such 
works  so  as  to  secure  every  sanitary  advantage,  without  incurring  too 
great  an  expense,  bas  been  a  difficult  problem  to  solve.  It  is  a  common 
practit'C  to  constnict  sewei-s  of  porous  material,  such  as  brick»  with  ilieir 
inverts  laid  dry,  the  elTent  of  which  is  to  allow  the  moisture  in  the  sur- 
rounding soil  to  readily  pass  off  by  the  chaauel  of  the  sewer  with  thi- 
sewage.  But  this  result  is  not  constant;  for  if  the  water  in  the  surround- 
ing soil  is  lowered,  from  whatever  cause,  the  sewage,  which  should  be  con- 
fined within  the  sower,  will  escape  into  the  subsoil,  wiih  its  attendant  evil 
consequences.  In  some  localities,  with  peculiar  physical  conditions,  ii 
may  l>e  necessary  to  admit  the  soil-water  into  the  sewer;  but  only  where 
it  can  be  demonstrated  that  the  flow  into  the  sewer  is  a  constant  one.  In 
such  cases  there  is  but  little  risk  of  the  esi^ajie  of  sewage  into  the  adjacfiit 
soiL  Nevertheless,  as  a  rule,  sewers  should  be  made  as  nearly  watf r-iighi 
as  possible;  and  whenever  it  is  necessary  to  drain  the  subsoil,  independent 
works  should  bo  constructed  for  the  piirpnse — independent  in  so  far  as 
a  separate  and  distinct  channel  is  provided  for  the  soil-water;  but,  in 
most  instances,  they  may  l>e  laid  in  the  same  trench  with  the  sewer  and 
constructed  at  the  same  time. 

Systematic  drainage  and  systematic  sewerage  should  be  compl<>roen- 


'  Latham  :  aanitary  Buiflaeerliig,  p.  8. 
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'  operations.    The  one  cannot  properly  include,  nor  supply  the  place  of, 
the  other. 

t  Various  plans  have  heen  sug-^csted  to  accfimpllsh  this  object.    One  of 

theee,  as  represented  by  Fig.  0,  consists  in  making  the  sower  in  two  parts* 
the  upper  one  as  nearly  water-ti^ht  as  possible  for  SGwage,  arul  the  lower 
one  of  porous  material  with  open  joints,  for  the  removal  of  the  soil-water. 
B     The  objection  to  this  plan  is,  that  the  sewuge  wiJI  escai>e  through  the 
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joints,  which  it  is  difficult,  in  practice,  to  keep  thoroug;hly  tig'ht,  and  thus 
pollute  the  water  in  the  drain.  This  objectioti  is  not  a  serious  one,  unless 
the  snil-wati-r  is  collected  and  removed  for  other  objects  than  that  of  sim- 
ply drying-  the  subsoil, 

A  modification  of  this  plan  is  the  combined  sewer-pjpc  and  subsoil- 
pipe  of  Huddersfield,  illustrated  by  Tig.  10.  The  subsoil-pipes  (^}  are 
laid  at  the  bottom  of  the  trench,  and,  by  their  peculiar  shape,  affonl  a 
fTood  foundation  for  the  sewer  fH)  which  lies  above  them,  supported  on 
rests  (R).  The  subsoil  water  enters  at  the  loi^se  joints  of  the  drain-pipe 
(A),  and  is  carried  off  by  a  separate  conduit,  while  the  sewage  is  removed 
by  the  water-tiffht  sewer  above  it.  Should  the  sewer  leak,  tlic  cst^apiiig 
liquid  will  be  taken  up  by  the  subsoil  pipe,  which  mode  of  disposal  will 
be  objectionable  if  the  soil-water  collected  in  this  way  is  to  be  brought 
into  special  use.  It  is  claimed  for  this  system  that  the  joints  of  the  sewer* 
pipe  can  be  laid  in  cement  and  made  water-tight,  and  that  it  is  '«the  only 
one  which  permits  a  dry  foundation  for  drainage-pipes  in  swampy  ground." 

The  objections  urged  against  these  methods  may  be  overcome  by  con- 
structing independent  conduits  in  the  same  trench,  but  detached  from  one 
another,  so  that  the  one  can  in  no  manner  detract  from  the  utility  of  the 
other.  Of  this  descriptiun  is  the  pl»n  '  of  subsoil  drainage  introduced  by 
Wiebe  and  I^Atliain  in  constructing  the  sewage-works  oT  Dantzic,  and 
which  they  assert  secures  all  the  advantages  required  in  carrying  out 
works  of  this  character.  The  method  adopted  is  shown  at  Figs.  U  and 
1-.'. 

**  The  sewer  proper,  S,  whether  constructed  of  brickwork  or  earthen- 
ware pipes,  was  first  laid  in  the  trench  and  covered  over  with  a  layer  of 
cUy  puddle,  C,  which  was  well  and  carefully  rammed  itito  poailion.     Tii 
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some  cases,  over  the  rlay,  several  feet  in  depth  of  the  trench  were  filled 
in  with  selected  gravel,  shown  by  G,  Fig.  11,,  which  if*  perfoclly  prrviou*. 
and  upon  this  gravel  the  ordinary  materials  excavatod,  E,  were  pUced  ; 
the  arrangements  for  the  discharge  of  the  subsoil  water  were  so  inattagvd 
that  every  )atf  nil  lim;  of  sewer  is  provided  with  a  fnje  dischnrjrc  into  thr 
river.     In  other  rases  the  method  ahowu  in  Fig.  15  was  a<lopted  after  ih* 


..Lr.i-.>ti'C  irj: 
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insertion  of  the  sewer  and  its  covering  of  clay;  two  linon  of  nnllnftry  agri- 
cuUuml  land-druins  were  laid  on  earh  side  of  the  trench*  so  ii»  to  com- 
municate directly  with  the  .surface* water  streams  of  the  district.  Subsoil 
drainage  may  be  carried  out  in  most  places  in  the  way  delineated  in  Fig. 
12,  care  being  takon  that  the  sewers  are  rendered  imperviou*,  so  as  to 
prevent  the  escape  of  sewage,  porous  drains  b«?ing  laid  iiriinediately  abovv 
them;  the  subsoil  water  may  be  conveyed  to  any  convenient  point,  and 
air  may  be  admitted  freely  into  the  subsuil,  while  the  expense  of  the  work 
is  trifling  compared  with  the  arlvantages  tn  be  gained." 

In  some  cases,  it  may  be  advisable  to  lay  the  subsoil  drains  in  connec- 
tion  with  the  sewer;  in  others,  it  may  be  better  practice  to  have  litem 
constructed  without  any  reference  whatever  to  the  situation  of  the  sewer. 
The  selection  of  the  plan  must  be  detennined  by  circumstances  which  arr 
connected  with  the  locality. 

It  is  frequently  necessary  in  building  sewers  to  place  temporary  draJnt 
under  their  beds,  in  order  tu  allow  the  brickwork  to  set  before  being  ex- 
posed to  the  nrtion  of  water  By  a  very  trifling  increase  In  the  cost  such 
temporary  works  may  he  made  permanent,  and  this  expense  will  be  amply 
repaid  by  an  iinju-ovenieiit  in  the  public  health. 

Ill  towns  having  a  scanty  water-supply,  and.  in  faet,  in  all  towns,  use 
may  bo  mode  of  the  water  oolleotcd  in  subsoil  drains  as  a  means  of  flush* 
ing,  for  vvhii-h  purpose  restTvoirs  can  \*c  made,  and  (-oiinections  with  tho 
sewers  arranged,  so  as  to  lhorf>ughly  flush  them  nl  staled  iiitt>r%'alK. 

Practically,  sewers  are  not  water-tight,  us  at  the  junctions  with  privat* 
cotumniiicatiiig  acwers,  and  even  through  tliu  walls  of  suwers  as  coninioMly 
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oonslructed,  there  mast  bo  more  or  less  influx  of  w&lcr  from  the  aoil. 
The  disadvantages  of  a  pervious  sewer  liave  Hlready  boon  alluded  to;  in 
the  atisencc  of  a  separate  system  of  subsoil  drainage,  the  advantngos  tiro : 
the  lunering  of  thi;  grxitiiul-water  aii<l  tho  drying  of  th<>  Hi>il,  u'tiirli  rt'sulu 
have  had  a  beneficial  elTuct  upon  the  public  bealtli,  as  has  been  shown  in 
the  case  of  a  number  oF  English  tonus  in  which  such  svu-crs  bare  been 
introduced. 

Tlie  innuence  of  humidity  of  the  soil  on  diseases  u.sually  alTccted  by 
this  condition,  seems  to  be  very  much  modified  in  localities  with  g  stratum 
through  which  salt  water  freely  pen^olates,  huoIi  as  the  fhit,  sandy  sites  of 
£oniG  seaside  towns.  Investigations  have  determined  this  point,  at  least  so 
far  as  jdithisical  complaints  are  coneerned.  The  principal  reason  a&signcd 
is  the  free  circulation  of  the  water  through  the  pores  of  the  soil,  causei) 
by  the  alternate  rise  and  fall  of  the  tide,  whereby  stagnation  of  water  and 
changes  in  the  soil,  which  would  otherwise  occur,  are  pixivc^ited.  The 
peculiar  character  of  tho  water  and  the  conditions  oF  the  atmos]>liei-e  may 
have  some  mo<lifying  influence.  In  such  places  deep  subsoil  drainage  is 
impracticable,  even  by  the  aid  of  pumping.  The  alteniativa  suggested  is 
to  raise  the  lower  floor  of  the  house  a  consldertLble  distance  above  the 
surface  of  the  ground,  that  air  and  sunlight  may  do  their  beneficent 
work. 

The  drainage  of  lands  purely  for  sanitary  reasons  has  been  a  lamentably 
infrequent  occurrence,  but  operations  undertaken  strictly  in  the  interests 
of  agriculture  have  been  carried  out  in  all  civilized  countries  from  the  re- 
motest period.'  Incidentally,  such  works  have  been  of  the  greatest  value 
in  improving  the  public  health.  The  evidence  that  could  he  adduced  to 
oorrohorate  this  statement  is  complete  and  conclusive.  A  refcrcnce  to 
the  voluminous  reports  on  this  subject,  published  within  recent  years  by 
authority  of  the  government  of  t^ngland,  will  he  uuffivient  to  satisfy  the 
moat  sceptical  on  this  point.     Districts,  in  which,  fonnerly,  malarial  dis- 

ies  seriously  affecied  the  health  of  the  luhabitaitts,  have  become  com- 
rntively  salubrious,  these  diseases  having  steadily  decreased  in  fre- 
quency, and  become  of  milder  type,  since  the  introduction  of  improved 
drainage  works. 

We  need  only  refer  to  the  vast  fen  lands  in  Norfolk,  Lincolnshire, 
and  Cambridgeshire,  counties  in  which  intennittcnt  and  remittent  feverw 
of  severe  typ«*  were,  at  one  time,  very  prevalent.  Since  the  improved 
drainage  of  these  districts,  malarial  fevers  have  become  comparatively  rare 
and  mild  of  form.  In  other  oountieg  the  same  decline  in  nmlarin]  diseases 
ha*  been  noticed  to  have  been  simultaneous  with,  and  Mubseipterit  to,  thn 


'  One  of  the  most  raomornblo  exoinplus  of  insalubrity  (lepcncling  on  conditions  of 
thft  ttoil  in  thai  of  the  celebrated  Punliiiu  MArshmi  io  the  Campagnn  of  Itume.     Fabu- 
loiin  fauna  of  monpyhiiTe  been  expended  in  endeavors  to  reclaim  ibene  land^  and  ren- 
der th«m  hftalthful,  an  effort  bein^  made  in  this  direction  as  enrly  or-')!^  n.c,  but 
it  reauItH  hare  nover  been  obtained.     At  the  pn^sent  day  the  nuliject  ban  beim 
jid  prnjL'ctx  have  been  suggested  whereby  this  area  of  wa«tte  laud  may  be 
uuItivnbU  nud  RalnbriouH. 
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carrying  out  of  extensive  drainage  operatioiu.  And  so  as  regards  Eng* 
land  generally,  it  may  be  safely  asserted  that  these  diseases  **  have  be«t 
steadily  tlecreasing,  both  in  frequency  and  severity,  for  several  years,  and 
this  decn.'ase  in  attributed,  in  nearly  every  case,  maiuly  to  one  cause- 
improved  land  drainage."' 

The  same  results  have  followed  similar  operations  in  other  countries. 
In  this  country  evidence  is  not  wanting  to  prove  that  increasing  salubrity 
lias  almost   universally  followed  skilful  and  efficient  drainage  of  the  taod. 
The  instviot^s  on  record  are  less  conspicuous  than  those  above  alluded  to, 
and  less  numerous,  but  they  would  be  greatly  multiplied  were  the  same  effort 
made  as  in  England  to  collect  this  important  testimony.     A  recent  sani- 
tary inquiry,  conducted  by  Dr.  Bowditch,  has  elicited  valuable  informattoa 
in  regard  to  this  country,  some  of  it  bearing  directly  upon  the  present 
subject.     An  instance  is  rejwrted  by  Dr.  Breed,'  of  the  sat isfactorj- sani- 
tary results  of  drainage  of  swamp-lands  in  Bureau  County,  Illinois  (com- 
pleted within  a  few  years),  which  had  always  heen   unproductive  and  a 
cause  <»f  the  unhealthy  condition  of  the  neighborhood.      "  The  result  is 
that  about  thirty-six  thousand  acres  of  these  inundated  or  swamp-ian*is 
have  been  either  greatly  improved  or  quite  redeemed.      Twenty  thfiu»ii<i 
acres,  hitherto  of  little  or  no  value,  have  been  converted  into  excellfni 
pasture  and   meadow  lands,  while  no  inconsiderable   porti<»n   has  been 
rendered  good  tillage  land.     Thus,  by  these  means,  thousands  of  acres, 
once  nearly  covered  with  water,  swampy,  and  grown  up  and  covered  ^\th 
reeds,  brakes,  and  coarse  grass,  interspersed  with   knolls  covered  with 
small  trees  and  tangle  wood,  the  favorite  haunts  of  water-fowls,  reptiles, 
and  musk'rats,  sending  forth  over  the  adjacent  country  a  noisome  and 
pestilential  miasm,  have  become  converted  into  dry  land,  rich  pastures, 
and  inea<lows,  where  vast  herds  of  cattle  may  be  seen   cropping  the  rich, 
luxuriant  grasses.     As  a  natural  sequence, althoug'h  it  does  not  appearto 
luivc  liiul  luiy  iiifhu'in-f  in  induririir  'the  ]>owers  that  Ik*  '   to  do  the  work, 
the   lu'iiltli   (if  iIm'  jii.-(ipli'   ill   tln'Sf  townsliipM   htt-*    l>»,'*-n    incidentally  iir.- 
pruvod."    This  .sanic  observer  says,  that  "as  the  county  becomes  improvf/i, 
si'ttk-d,  Hnd  irciitTiilly  cultivatod,  the  diseases  prevalent  have  underjrunf  a 
cliangc.  and  soiiie  of  tlnMU,  that  wi-re  a  terror  to    the   early  settlers,  an- 
now  lint   si-ld(itii   iicard  of,  or  seen.''     Similar    results   arc    reported'  fr(>iii 
Miclii^raii,  New  York,  and  other  States.     The  Transactions  of  the  State 
.Medical  Societies  contain  niuclt  information  on  this   subject  from  various 
jmrts  (if  the  euimtry. 

In  furtherin<r  projects  for  land  drainage  health  has  seldom  been  the 
object  aimed  at,  exce]it  in  the  vicinity  of  towns,  where  the  interests  of  & 
large  number  of  jiersotis  are  directly  concerned,  and  the  capital  is  availa- 
ble for  the  purpose. 

Private  eiiteriirise,  althrmirii  it  lias  accomplished  valuable  results,  has 


'  Dr.  Wliitlev's  Reix-rt  to  iIik  Uoanl  of  Health.  En^'lond,  18(J4. 
-  U(jW(litch  :    Ilygifiie  iu  AiiuTica,  IBtT,  p.   I'li). 
Mbitl..  l-^TT.  i>i>.  ITT,  178,  dU5,  etc. 
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of  tho  imprisoned  wator  into  the  looser  soil  bclonr  gradually  takes  pUcr, 
and  the.  causes  which  rendor  the  noit  iincultivablo  and  deleterioas  to 
health  arc  removed.' 

Lnndtt  that  are  subject  lo  o<!ra$ionat  overflow,  wliether  hy  tides  or  by  ■ 
freshets,  require  drainage,  which,  to  he  complete,  involveB  the  coiiitiruetitui 
of  embankments,  or  works  to  restrain  the  water  and  prevent  inundmtions. 

Swamps  and  bogs,  so  frequently  the  source  of  miasmatic  effluvia, 
should  bo  made  dry  by  some  one  of  the  rnethotls  for  drainage,  and  wber« 
this  is  impracticable,  it  will  l>e  advantageous  to  health  to  permanently  cover 
them  with  a  moderate  sheet  of  water.* 

Salt  marshes,  such  as  arc  found  along  tho  Atlantic  coast  of  this  eoun- 
try,  arc  frequently  the  breeding  places  of  malarial  poison.  Such  land*, 
when  reclaimed,  are  exceeitingly  valuable  for  the  uses  of  agricnllure.  and 
when  near  towns,  or  inhabited  districts,  should  be  drained  and  improved 
for  sanitary  reasons  alone,  though  it  is  demonstrable  that  the  woik  wuulJ 
be  otherwise  advantageous  and  remunerative.  A  iX>iispicuous  example 
of  such  lands  is  furnislied  by  the  Hackensaek  meadows  close  to  the  city  < 
New  Vork.  Thousands  upon  thousands  of  acres  of  land,  containing  alH 
the  elements  of  fertility,  that  could  be  made  productive  and  salubrious, 
are  here  abandoned  to  the  inroads  of  the  sea,  and  suffered  to  lie  in  dirary 
waste,  unproductive,  and  a  menace  to  the  health  of  the  surruunding  in- 
habitants. 

To  reclaim  these  marshes,  the  sea  must  be  excluded  by  dykes  or  em* 
hankments,  the  surface-water  from  the  uplands  diverted  into  a  propfr 
rhaniiol  of  outlet,  and  the  rainfall  and  soil-water  removed  by  the  use 
automatic  valve-gates,  or  by  pumping.     Fonnerly  the  wind  waa  the  mo-i 
live  power;  but,  except  for  small  tracts,  steam-power  is  the  best»  mo»t 
practicable,  and  the  most  certain  means  of  getting  rid  of  the  water. 

In  Holland  and  in  the  English  Feus,  steam-puiupa  are  fast -superseding 
pumps  driven  by  tho  action  of  tho  wind. 

The  soil  may  be  rendered  drier  and  its  sanitary  condition  greatly  ttn- 
proved  by  opening  the  outflow  of  the  water. 

Obstructions  in  streams  and  rivers  should  be  removed,  so  as  lo  afford 
the  water  a  free  passage  to  the  ocean,  and  thus  prevent  the  overflow  ol 
lands,  which  produces  a  condition  of  the  soil  favorable  to  the  pniduetiuti 
of  mioBHi.     The  outfalls  of  rivers  become  blocked  up  by  deposits  of  stjt. 


<  Dishoff  (ttate!!  that  thit  mode  of  draioinff  the  aubioil,  bj  msana  of  bonng.  waa  ioe- 
oasBfiilly  i>nicti»i!cl  as  early  as  the  lime  nf  King  Kcui,  in  Uic  finb  part  of  th«  fiflaaald 
century,  oo  the  plain  of  Palons,  near  Marftcillca.     PhyaikaliKhe  ti«ogmphtc,  p.  288. 

(t  U  OD  this  aaxae  principle  that  wella  an  often  oonatmcted  through  ten 
layers  of  the  soil  until  a  stratuni  of  gravel  is  reached,  thrpngb  which  watdr  will  rmdil 
paw  o'lr.     Priv^-welU  excavated  to  a  porotu  soil,  thnnffli  constantly  used  for 
years,  will  remain  dry ;   tbe  practice,  howorer,  is  m  Itad  one. 

*  "  Bueoher  has  related  sevenU  nwes  in  whinh  thU  plan  was  MOOHMfuIly  ado 
and  Kmpcdocles  is  said  to  bare  delivered  the  Snlentini  from  dangetona  exlialatfoos,  I 
wbitih  Ihfy  were  iubjeot.  by  oondacUoj;  into  theit  matabes  two  iMigbtivHng  »tnam& ' 
DuDjrltBon'a  Hygiene,  p,  102. 


I 


botb  from  llie  river  and  from  the  soa,  whicli  retard  their  flow,  and  caiwe 
their  wttters  tu  spreaxl  over  the  low-lying  landft  by  which  they  are  Ixjtinded. 
The  regulation  of  rivers  by  altering  and  deepening  their  ohannols,  re- 
moving obstructions,  cundCructing  cmbaiikmenta,*etc.f  with  the  object  of 
providing  a  free  and  unobstructed  How  of  water,  is  exrcodingly  important 
in  itfl  influence  upon  the  outflow  of  water  from  lands  included  in  their 
areas  of  drainage.  As  illustrative  of  thw  beneficial  effects  of  the  regula- 
tion of  watercourseu,  the  river  Theiss,  in  Hungary,  may  be  mentioned* 
along  the  lower  course  of  which  stream  not  less  than  250,000  acres  of  pes- 
tilential and  wholly  unpnjduclive  marsh  have  been  converted  into  a  health- 
ful region  of  the  ntoat  exuberant  fertility.' 


I 


3.  Soliil  Constituents  of  the  Soil 

The  solid  constituents  of  the  soil  may  bo  studied  with  re-spcot  to  their 
chemical  comi>osition,  and  to  their  geological  and  topographical  conditions 
as  influencing  the  configuration  of  the  surface  and  the  oniiformatlon  of  tho 
underlying  strpcturea,  and  the  constitution  of  the  soil  and  of  its  rocky  sub- 
Mtrata.  The  latter  bear  directly  ujwn  the  movement  of  water  and  air  in  and 
over  the  ground,  and  determine  and  control  both  artificial  and  natural 
drainage,  A  knowledge  of  these  natural  features  of  the  earth's  crust  is 
essential  to  a  successful  sanitary  survey  of  a  district. 

The  solid  constituents  oF  the  soil  consist  of  mineral,  vegetable,  and, 
to  some  extent,  of  animal  substances,  found  in  varinus  states  of  combina- 
tion, and,  as  such,  classified  according  to  snnie  predominant  characteristic 
or  peculiar  arrangeipcnt  of  the  parts.  They  appear  in  the  form  of  rocks 
of  various  structure,  texture,  composition,  and  conformation^  or  in  the 
form  of  purely  mineral  accumulations,  such  as  clays,  sands,  gravels,  and 
other  rocky  debris,  the  result  of  decay  and  disintegration  of  rocks  by  the 
influence  of  air,  water,  heat,  and  other  forces;  or,  in  the  form  of  mineral 
accumulations  with  an  admixture  of  organic  matter,  both  vegetable  and 
aninml. 

"But  whatever  may  be  their  compo.sition  or  texture,  soils,  geologically 
speaking,  are  mainly  of  two  sorts,  soils  of  disinf^grafiou^  arising  from 
the  waste  and  decay  of  the  immediately  underlying  rocks,  together  with 
a  certain  admixture  of  vegetable  and  animal  debris;  and  soils  of  transport, 
whose  ingredients  have  been  brought  from  a  distance,  and  have  no  geo- 
logical connection  with  the  rocks  on  which  they  rest.  Under  the  former 
are  comprehended  such  as  arise  from  the  disintegration  of  limestones, 
chalks,  lra]>s,  granites,  and  the  like,  and  which  are  directly  influenced  in 
their  composition,  texture,  and  drainage,  by  the  nature  of  the  subjacent 
rocks  from  which  ihey  are  derived.  Under  the  latter  are  embraced  all 
drift  and  nlluvial  materials,  such  as  sand,  shingly  djjbris,  miscellaneous  silt 
and  clay  which  have  been  worn  fruni  other  rocks  by  meteoric  agcncieji, 
.  and  transported  to  their  existing  positions  by  winds,  waters,  or  ancient 
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glacial  agoncipR.  Bosutrs  (Ii«'se  thero  am  also  toils  of  organic  orijpn,  sucli 
u  peftt-purths,  and  vegetable  inoulil  or  hwntifif  which  is*  to  a  gr«at  extent, 
also  of  animal  origin  or  olaboratioi).  Indeed  in  all  superficial  soils,  there 
is  a  certain  amount  of  vegetable  and  animal  matter — the  decay  of  pUntti, 
tlie  droppings  uf  ujiiiualtf,  the  exuvia:  of  insects,  the  caatfl  of  earth-worms, 
and  the  like."* 

Miturai  MdUers* 

The  mineral  constituents  of  the  carth*a  crust  are  reiy  numerous;  8oni« 
of  them  an;  verj-  abundant/  but  they  are  not  all  of  pjjiial  importance. 
They  are  found  in  distinct  masses  having  well-define*!  churactoristtcs,  and 
present  h  certain  order  of  arrangement.  They  determine  the  contour  of 
the  ground,  and  by  their  physical  characteristics  radically  affect  the  salu- 
brity of  a  locality.  The  relation  tu  health  of  some  of  the  more  common 
rocky  formations  and  soils  han  boon  very  conciselv  presented  by  Dr. 
P&rkes,  from  whose  work  the  following  extract  is  taken: ' 

"  TTie  Omnitif,  Mrinmorphie,  and  TVop  Iinrh.—Riua  on  the«  formationn  are  aim- 
ttlly  healthy  ;  the  slope  is  grreftt,  water  moB  off  reatlUy  ;  the  air  in  comiwratiTely  ilry  ; 
vegetntioQ  M  not  exoemive;  marabeR  ai>d  malaria  ore  oompanitively  tiifre<{tten[  auil 
fevr  imparities  pass  iuto  the  drink in^- water.  When  these  rocks  luivc  licai  weacherad 
and  disiDtegraied.  they  are  snppwed  to  be  uobealthy.  Sneh  soil  is  ahsnrbent  of  waur : 
and  the  diaiatetri^ted  granite  »f  TIou^-KoQg  is  nid  to  be  rapidly  permeated  by  a  fun- 
IfQi ;  but  eTidence  an  to  tbo  effect  of  disinCegrrated  grranite  or  trap  is  really  wmntinff. 

*'In  Brazil  the  syenite  becomes  coaled  with  a  dark  subHtauoe.  and  looka  lOw 
phimbago,  and  the  Indinofl  believe  tbis  give*  rite  to  '  ealentara,'  or  ferec«.  Tbe 
dark  granitoid  or  melamorphic  trap,  or  bornblendto  rocks  of  Mysore,  are  also  Mid  to 
oaose  periodio  fevers ;  and  iron  hornblende  eKpecially  wan  affirmed  by  X>r.  Heyna  of 
Madras  to  be  dangerous  in  this  respect.  Bnt  the  ob«ervat)oas  oC  Bichter  on  «imflar 
nicies  in  fiaxnny,  and  tbe  fact  that  station*  on  tbe  lower  q>ani  of  the  Htmabtyasoo 
such  rocks  ure  quite  bealLby,  negntiTe  Heyue'h  upitiiou- 

"  Tfif  Clay  .S/atf». — These  rocks  precisely  resemble  rhe  erranitc  and  (rmnitotd  fonu- 
tions  in  tbeir  effect  on  bealtb.  They  have  usually  mach  »Iope :  are  very  impennnihla; 
vegetatiou  in  scanty  ;  ajid  nothing  is  added  to  ait  or  to  drinking- watur.  They  otr  coo- 
seqaoDtly  benlthy.  Water,  however,  is  often  scarce ;  and,  as  in  the  pnutitc  districts. 
there  are  swoUeo  brooks  daring  rain,  and  dry  watercoursee  at  other  timA  swelling 
rapidly  after  rains. 

'•  Tfit  Limt*tiinf  aiui  MngnfMian  L\mtston«  Rocks. — Tbene  no  far  rHiemlile  the  for- 
mer, that  there  vs  a  good  deal  of  slope,  and  rapid  paHsin;  off  of  water.  Harahes.  however, 
are  more  common,  and  may  exifit  at  great  heights.  In  that  case  the  marab  U  probably 
fed  with  water  from  some  of  tbe  lari^  oavicfe^;.  which,  in  the  couzse  of  ages,  beooow 
hollowed  out  in  the;  limestone  rooks  by  the  csnrbonio  acid  uf  the  nxa,  and  form  leMiioin 
of  water.  Tbe  drinking-water  i*  bard.  tii>arkling.  and  clear.  Of  the  varioua  kinds  of 
Umsatoafl,  the  hard  oolite  ii  the  best,  and  ma^estan  Is  tbe  worst;  and  it  is  dcsbabla 
not  to  pot  stations  on  matmeitiAn  litnuetone  if  it  van  be  avoided. 

'*  The  VhaOc—Th^  chalk,  wheu  unmixed  with  clay  and  permeabtft,  foms  a  TW7 


'  Page:  Eoonomic  Oeology,  Edinbnrgb  and  London,  1874. 

>  Tbe  mineralH  coufttituiiiitr  the  great  bulk  of  thf>  earth  are— fjaartz,  felspac.  mlak 
limeKtooe.  hortiblende,  Heri>eotine,  gypKuin,  talc,  aud  oxide  of  irun.  Tenney'a  Oao- 
logy,  p.  36 

»  Practical  Hygiene,  pp.  330-341. 
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he&ltbjr  loil.  The  air  is  pure,  and  the  wat«T.  though  cbarfed  with  carbonAK  of  lime, 
w  cleir.  Bperkliug,  and  pltvasAiit.  Goitre  i.4  not  nearly  mo  oomtnon,  nor  apparoittly 
calciilud,  08  ID  the  limcsioaedistricttt.  If  the  chalk  be  1uaTl7.it  becomes irapi'nnoalilv, 
and  is  then  often  damp  and  cold.  The  lower  parta  of  the  uhalk,  which  an*  underhiid 
by  gault  clay,  and  which  aUo  receiru  the  drninu(fe  of  the  parb»  above,  are  often  very 
malancuK;  and  in  America,  tome  oC  the  moet  manhy  district*  are  011  chalk. 

■'  7Vi«  StruUloneit.— The  penneable  aandstoaw  are  vei:]r  bealtbj  ;  botb  eoil  and  air 
are  dry ;  the  drinktag- water  in.,  however.  Hometinm  imparc  If  tbc  fiond  be  mixed 
with  much  day,  or  if  clay  underlies  a  shallow  sand-rook,  the  Rite  is  sometimes  dampL 
The  hard  milUtone  grit  formations  are  very  healthy,  and  their  conditions  resemble 
tboasof  granite. 

•'  GrarHt  of  any  depth  are  always  healthy,  except  when  they  are  mnch  below  the 
general  enrfaoe,  and  water  rises  througb  them.  Graved  hillocks  are  the  he:dLbi('Ht  of  all 
sites ;  and  the  wst«r,  which  often  dowa  oui  in  apriugs  near  the  base,  being  held  tip  hy 
the  underlying  clay,  is  very  irare. 

"  SttulJi. — Tbpro  nre  both  healthy  and  aohealthy  aandn.  The  healthy  are  the  pure 
sands,  which  contain  uo  oryauic  inslter,  and  arc  of  considerable  depth.  The  air  is 
pure,  and  so  is  often  the  drinkiuft -water.  Honietimes  the  drinkiug-water  cnutaina 
enough  iron  to  become  hard,  and  even  chalybeate.  The  unhealthy  sanda  are  those 
which,  like  tbc  subsoil  of  the  LandcH,  in  tiouthweet  Fiance,  are  oomposed  of  siliceous 
particles  i.aad  some  iroa>,  hold  together  by  a  vegetable  sediment. 

"  In  other  caMs  aaud  is  uiibealttiy,  from  uuderlybii;  clay  or  latcrite  near  the  sur- 
face, or  from  being  so  placed  that  water  rittes  through  its  permeable  soil  from  higher 
leruls.  Wal«r  may  then  be  found  within  three  or  four  feet  of  the  surface  ;  sun{  in  ihiH 
case  the  saud  iti  unhealthy,  and  often  malarious.  Impurities  are  relaiiietl  iu  it,  nuil 
edtuvia  traTentc-  it.  In  a  third  cIeuu  of  csmih  Lht;  »ands  uiv.  unhealthy,  because  they 
contain  soluble  miuerat  matter.  Many  sands  (.as,  for  example,  in  the  Punjab)  contain 
mucli  carbonate  of  maj^ntwiasTid  lime-snlta,  as  well  a.*  «altM{if  the  iilkallfK.  The  drink- 
ing water  may  tbu.H  coQt:iin  large  quantities  of  Mxliura  chloride,  sodium  carbonate, 
and  even  tune  and  ma^'neKiuu  rulu,  aud  Iron.  Without  exaiuiimuon  of  the  water  it  is 
imposaiUe  to  detect  theHe  {Hiiuts. 

"  Olajf,  deMM  Marin,  nnd  AUavial  SoUm  ffenera/fff. — These  are  always  to  bo  regarded 
with  mspicion.  Water  neither  runs  o(T  nor  mns  through  ;  the  air  is  moint ;  nuurshcs 
ore  oonimon  ;  the  com[>ositiuu  of  the  water  vartt^.K,  hot  it  is  oft4>D  impure  with  lime  and 
•oda  solta  In  alluvial  soils  there  are  often  altenintionK  of  tbin  strata  of  Kaiid,  and 
■wdy  impermeable  clay  ;  much  regetable  matter  is  uftvu  inixul  with  tliiit,  and  air 
and  water  are  hutb  impure.  Vast  tnuts  of  ground  iu  BengiU,  and  in  other  parts 
of  India,  alon^  tbe  course  of  the  great  rlvera  [the  Gaiigeti,  Brahmapootra,  Indus, 
Xerbuddi^  Kri.<«hna.  etc.),  are  mode  up  of  soils  of  this  de»criptiou  ;  aud  &omo  of  the 
roost  im|K)[tant  nt^itious  even  up  country,  Kucb  as  Cawupore.  are  placed  on  such  sites. 
Tbe  dpttOJi  of  great  rivers  present  these  alluvia]  characters  in  the  highest  decree,  and 
should  not  be  choteu  for  sites.  If  they  mnst  be  taken,  only  tbc  most  thorough  drain- 
age c*D  otake  them  healthy.  It  is  aatuuishing.  however,  what  good  can  be  rfFeobetl  by 
dnunage  of  even  a  small  area,  quite  insufBoieut  to  affect  the  general  almoi<phere  of 
the  place ;  this  shows  that  it  in  tbe  local  dampoest  and  the  elltuvia  which  are  tliu  most 
hnrtfttL 

"  CtiUicittttl  SoiU. — Wflll-oaltivated  loilB  oro  oftMn  healthy  ;  dm  at  present  has  it 
been  proven  that  the  use  of  manure  is  hurtfnl.  Irriarated  lands,  am)  eopecinlly  rice- 
fteldn,  which  not  only  give  a  cereal  eurfuoe  fur  cvupuratiuu,  but  also  send  up  orgauia 
matter  into  the  air,  are  hurtfoi" 


Organic  Matters. 

The  organic  matter  in  the  soil  is  botli  vcgttabh  and  animal,  the  fonnor 
bviii^r  found  in  much  larfjcir  projiortion.     M&ny  of  the  strata  whicli  form 
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tbo  rocky  crust  of  tlic  o&rth  ar?  largely  composed  of  the  rcmaitii  of  |>lai)U 
and  animaltt,  the  ivork  of  post  ages.  Vegetable  and  animal  life  still  exert* 
a  great  infliienee  upon  tin.'  ]>hysical  condition  of  tin*  soil,  though  then 
nmy  be  no  jwrenjitthlo  alteration  in  tlie  terrvistrial  surfart'. 

77i€  vff/ehibU  uuitUr  found  in  the  soil  is  jmrlly  derived  from  the  drwtay 
of  planttt  ill  and  upon  the  soU — a  pruceKS  wliieli  is  conitntLally  in  opera- 
tion, and  which  is  an  important  agency  in  the  formation  of  soils.  Vegr 
table  debris  are  borne  by  the  wind  over  the  surface,  mingled  with  the  eartfi. 
and  deposited  in  hollows  and  de[>r<»ssions;  they  are  rarried  beneath  the  sur- 
face by  rains,  and  spread  ovvr  the  low  regions  bordering  on  largv  waier- 
courses  as  a  constituent  of  alluvium,  and  arc  deposited  by  the  action  of 
water  in  the  .silt  furniations  upon  the  banks  and  ut  ttte  nioutlm  of  riven. 
Near  the  mouth  of  \\w  Mississippi,  sand,  gravel,  and  vegrlabltt  tnatlvf 
have  accumulated  in  alternate  layers  to  a  great  depth.* 

It  may  be  deposited  in  and  upon  the  soil,  and  be  so  dispiAed  with  re- 
gard to  the  soil  and  othi*r  »urruundiiigs  aa  to  give  ri»e  to  rouditiiiUK  act- 
ing injuriously  npnn  hejilth. 

Peat  i»  a  deposit  of  vegetable  origin  produced  in  cool  countries  io 
swamps  and  moist  sittiatioiiii.  Mosses,  rushes,  grasses,  heaths,  anil  other 
marsh  plants,  prinetpally  contribute  to  its  formation.  Millions  of  acres  of 
j^»eat  occur  in  the  I3rili»h  Islands,  varying  in  thickness  from  five  to  thirty 
feet.  North  America  possesses  hundreds  of  square  miles  of  the  same 
material,  from  five  to  twenty  feet  in  thickness.*  It  is  found  elsewhere  in 
temperate  climates. 

"Submerged  forests"  and  be<ls  of  peat  are  found  along  the  shores  of 
Great  Britain,  embedded  to  a  considerable  depth  in  marine  clay.*  The  beds 
of  rivers  in  wooded  regions  conceal  trunksof  trees  which  once  floated  upon 
their  surface.  Drift-wood  collocts  in  rafts  and  becoim^s  watcr-tujaked, 
and  sinks,  and  the  river  deposits  cover  them  up.  A  raft  of  tins  kind  on 
the  Washita,  a  river  of  Arkansas  and  Louisiana,  covers  the  surface  of  the 
river  for  fifty  miles.  The  immense  quantity  of  wood  annually  dnfled 
down  the  Mississippi  and  its  tributaries  illustrates  the  manner  in  which 
an  abundance  of  vegetable  matter  becomes  enibeddod  in  the  rive*  bf>ttom 
and  in  sidnnarine  and  estuary  deposits.*  The  noil  at  New  Orleans  cum 
tains  intiumerable  trunks  of  trees,  in  various  positions,  wliieh  had  grown 
in  marshes  above  the  level  of  the  sea.  The  same  discovery  has  been 
made  hundreds  of  miles  up  the  river  Mississippi.* 

An imai  matter,  or  at  least  the  evidence  of  its  past  existence,  Is  found 
aa  fossils  in  nearly  all  rock  formatioua,  and  in  the 'form  uf  extensive  dc- 
posits  in  various  parts  of  the  world.  Accunmlations  of  bones  and  tusks 
of  elephants,  mastodons,  and  other  huge  pachyderms  occur  in  profusion  in 
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I  Tenner's  Qwiogj.  p.  300. 

*Pa^:  Eoonomio  OeoloK7.  Ediuburgfa  and  London.  1H74.  p.  1S8. 
'Quart  Journalor  Scieace,  cta,Na.  XIIL,N.  S..  fiCarcb,  1830,  and  O«olog.  TduMm 
1st  Series,  Vol.  3,  p.  3S3 

'  Lyoll :  PriDotplos  of  Geotomr,  135B,  p.  968. 
» Ibid,  p.  208. 
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Siberia,  particularly  near  the  shores  of  the  frozen  ocean,'  and  the  skele' 
tnns  of  quailruptMis  fill  cxleiisivo  caves  in  various  parts  of  tln^  wnrKl,  and 
form  calcareous  d*'jM)ait8  of  considenLble  inairnituitc.  Aiitmal  itr^iiisins 
teeming  in  tlm  water  and  in  the  t^arth,  and  existing  upon  itH  surface  and 
in  the  air,  during  their  growth  and  by  their  decay,  are  still  contributing 
iniportaiit  elements  to  the  soil. 

Tlu-  remains  of  domestic  animals "  and  thnpc  of  man  add  to  the  earthy 
matter  coating  the  globe's  surface.  Thn  constant  admixture  of  animal 
matter  with  the  soil^  though  inconsiderable  compared  with  the  bulk  of  ^e 
earth's  eruftt,  has  an  important  modifying  intiueuce  upon  the  character  of 
the  auperJirial  strata. 

But  it  is  only  under  spwial  conditions  that  the  admixture  of  these  sub- 
stances with  the  soil  is  hurtful  to  man.  Nature  ha-s  provided  in  the 
laboratory  of  the  earth,  and  in  the  forces  of  ifi'y:etatiori,  a  means  of  reso- 
tulion  of  these  matters  into  new  products,  wisely  adaptnd  for  ahaorption 
and  assimilation  hy  plants.  Where  her  laws  are  disregarded  and  her  pro- 
cesses interfered  with,  evil  results  will  inevitably  follow,  unle«4  the  loss 
or  himlrancc  of  natural  agencies  is  compensated  for  by  the  use  of  artiKcial 
means. 

In  cities  th«  natural  rontour  and  character  of  the  surface  of  the  jrround 
is  entirely  changed;  vegetation  ia  destroyed;  the  surface  is  sealed  with 
atone  and  uement;  the  natural  streams  of  drainage  are  ignored,  and  the 
fttbsoil  is  often  converted  into  a  receptacle  for  rejected  matters.  The 
ioil  is  paralyzed  and  crippled,  and  utterly  unable  to  perform  its  natural 
functions.  It  is  through  man's  agency  that  these  abnormal  conditions 
exist,  and  it  is  through  his  agency  that  the  remedies  must  be  supplied, 
and  these  consist  in  the  introduction  of  complete  systems  of  sewerage 
and  drainage,  and  the  adoption  of  everj'  arrangcmetit  to  secure  the  utmost 
cleanliness,  and  to  preserve  the  soil  as  pure  as  possible. 

AVherever  there  is  an  aggregation  of  human  beings,  as  in  towns,  the 
■oil,  especially  when  porous,  is  apt  to  be  charfrcd  with  animal  matter, 
fMrticularly  hunmn  excrement,  the  most  dangerous  of  all  the  forms  of  re- 
fuse substances.  In  long  inhabited  districts  this  material  accumulates 
and  renders  the  ground  highly  impure,  and  is  a  principal  cause  of  the 
iinbcalthineas  of  the  locality. 

The  character  of  the  soil  is  an  important  ffature  to  be  taken  into  con- 
sideration. Some  soils,  such  as  those  formed  of  gravel  or  sand,  are  struc- 
turally adapted  for  the  imbibition  and  transudation  of  liquid  substances. 
They  act  more  like  filters,  as  they  allow  the  liejuid  portions  to  pass  through 
them,  while  they  retain  all  the  obnoxious,  organic  matters  in  their  pores. 


'  Lyell :  Principles  of  Oeologx.  1858.  p.  78. 

*  It  U  escimatcf)  that  thero  were  in  Xorlh  Amerioa.  hi  1870,  aboiit  ino.Ol)l),000  of 
dfHnestic  atiimab,  which,  if  ouly  bntf  a  soliil  fmit  hu  atluwi'il  to  the  Kkeleton  and 
other  slowly  doatruoUbb  pnrtii  of  oftcb  uiinial,  would  fonn  a  pyramid  e<iual  in  dimeo- 
uoa  to  that  of  Choops. — Uarsh  :  Tho  Earth  aa  Modifted  by  Unman  Aotioo.  New 
York,  1874.  p.  81, 
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Other  soils,  such  as  those  composed  of  clay,  poflsess  this  propertjr  in  ■ 
very  slight  dogrfto. 

There  are  two  principles  suggested  h5*  what  has  preooded  which  fihouM 
he  strtngentlr  observed.  1st,  To  keep  the  soil  a^H^itt  and  undrr  our 
dwellings  pure  by  reniovin;^  all  waste,  organic  matters  as  promptly  as 
possible.  2d.  To  utilize  this  niatcrinl  in  the  oultivatioii  of  the  soil,  where- 
by it  not  only  ceases  lo  he  injurious  to  health,  but  actually  becomes  bene- 
ficial to  roan  by  furnishing  a  source  of  revenue. 

Vegetation  exerts  an  important  influence  upon  conditions  of  tiM*  soil 
as  well  as  states  of  the  atmosphere.  One  of  its  eflFet^ts  is  to  modify  th<^ 
extreiues  of  temperature  anrl  humidity.  Forests  shelter  the  ground  to 
the  leeward,  and  temper  the  inlluence  of  cold  or  parching  winds  to  a  con- 
siderable di»tanee  beyond  their  lirotts.  By  tbeir  mechanical  action  they 
impede  the  currents  of  wind  and  lessen  the  evajKiration  and  rrfrigeratioo 
which  such  currents  produce,  and  thus  tend  to  equalise  teniptfrature. 
They  screen  the  soil  they  cover  from  the  effects  of  sular  irraiLiation,  and, 
in  winter,  by  accumulating  large  surfaces  of  snow,  and  protecting  it  from 
melting,  exert  an  important  influence  upon  the  temperature  and  humidity 
of  the  ground. 

By  the  sheddinj^  nf  the  foliage  of  trees,  and  the  ilec-ay  of  vegetation, 
ft  protective  covering  is  given  to  the  earth,  which  guards  it  against  ex- 
tremes of  cold  and  heat,  lliis  layer  of  vegetable  detritus  has  a  capacity 
to  absorb  and  retain  the  moisture  it  receives  from  the  atmosphere,  whicii 
it,  in  turn,  gradually  furnisher  to  the  air  by  evaporation.  It  also  retains 
and  slowly  imparts  to  the  earth  beneath  it,  the  rain  water,  which  might 
otherwise  rapidly  pasa  over  the  surface,  or  sink  intu  the  lower  strata. 

Trees  screen  the  earth  from  the  sun's  rays,  and  thereby  hinder  the 
evaporation  from  its  surface-  To  some  extent  they  interc«>]>t  the  rainfall, 
which  woulil  otherwise  come  in  contact  willi  th*?  soil  and  h»»  Mbanrlied  by 
it.  The  roots  of  trees,  by  their  power  of  absorption,  draw  up  a  largi* 
amount  of  water  from  the  soil.  The  amount  is  vastly  greater  than  that 
derived  from  the  air  through  the  leaves  and  bark.  Most  of  this  moi»tun» 
is  again  parted  witli.  priuripally  to  the  atmosphere,  tlir  amount  dis<harged 
by  the  mots  ant]  consumed  in  the  process  of  growtli  being  probably  in- 
considerable. The  amount  of  water  evaporated  from  the  surface  of  tt!ar<(* 
during  the  season  of  growth  is  very  great.  Schleiden  '  estimates  ihf* 
(|uantity  of  water  evaporated  by  a  traci  of  woodland  to  be  ten  limes  ih<^ 
amount  precipitat^^d  on  the  same  area.  Pettenkofer,'  by  experimonu 
made  upon  the  living  oak,  has  C4iloulated  the  amount  of  evH|>oratinn  of  the 
oak<tree  during  the  summer  months  to  be  eight  and  cue-third  times  itie 
rainfall  upon  an  area  equal  to  that  shaded  by  the  tree.  The  Eucnlyptus 
Globulus  is  asserted  by  Gimbert,  from  recent  obsorvations  made  in  Alg^*- 
ria,  to  absorb  and  evaporate  twelve  times  the  rainfall.  Such  being  tlie 
case,  the  absorption  of  moisture  by  thi?  roots  of  trees,  and  its  subsequent 


•  Banm  iind  WaW.  t«l7n.  pp  46.  47. 
■  Parkes'  Hygieae,  187S.  p.  3M. 
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evaporation,  roust  perceptibly  affect  tite  amount  ot  water  contained  in  the 
soil,  and  moisten  the  air  an<l  lower  its  tempcratun^. 

It  ImH  been  notice'l  t)iat  ttio  tempni-atiire  and  liiimidity  ot  the  atmos- 
phere are  more  unifurm  in  woods  than  in  the  open  HeKIs;  it  has  also 
been  obson-ed  that  while  the  evaporation  from  the  surface  of  the  ground 
in  wooded  districts  is  less  than  from  the  surface  of  the  open  ground,  lliis 
deficiency  is  compensated  hy  increased  evaporation  of  moisture  from  leaves, 
which  is  mainly  deij^ved  from  the  soil  by  the  roots  of  the  trees.  Wood- 
lands are  said  to  cause  increase  of  rainfall.  This,  to  some  extent,  may  be 
true,  at  least  within  their  own  limits.  They  certainly  do  increase  the  fre- 
quency of  showers,  and,  in  this  way,  equalize  the  distribution  of  the 
amount  of  precipitation. 

Trees  affect  the  drainage  of  the  soil  by  their  mechanical  action.  To 
some  extent  ihey  impede  the  flow  of  water  over  the  surface.  There  is 
very  considerable  resistance  to  the  transmission  of  water  beneath  the  sur- 
face in  the  superficial  strata.  This  resistance  is  caused  by  the  roots,  which 
conduct  the  water  along  their  surface,  through  the  deeper  and  less  perme- 
able layers,  and  oppose  a  eli>sely-\vattled  barrier  to  its  movement  along 
the  slope  of  the  sup^^rficial  and  more  permoable  strata  which  have  absorbed 
it.'  By  retarding  the  passage  of  water  through  the  soil,  iho  roots  of 
trees  tend  to  prevent  the  sudden  rise  of  streams  and  (leslruciive  floods. 
The  roots  of  trees  enter  fissures  of  rock,  and,  by  their  growth,  tend  to  en- 
!ai^  them,  and  greatly  increase  the  drainage  capacity  of  the  soil.  They  are 
known  to  penetrate  through  layers  of  the  .subsoil  which  resist  the  passage 
of  water,  and  by  perforating  these  strata  like  a  sieve,  furnish  an  outlet  to 
the  moisture  w^lnch  would  otherwise  accumulate  iu  the  superficial  soil.' 
The  most  disastrous  results  have  followed  the  destruction  of  forests,  by 
obliterating  these  chaiuiels  of  drainage.  "Thus  in  La  Qrenne,  a  tract  of 
2iXt/H>i>  acres  resting  on  an  impermeable  subsoil  of  argillaceous  earth, 
which  ten  centuries  ago  was  covered  with  forests  iutersiwrsed  with  fertile 
and  salubrious  meadows  and  pastures,  has  been  converted,  by  the  destruc- 
tion of  the  woods,  into  a  vast  expanse  of  pestilential  ]H>oIs  and  marshes.  In 
Sologne  the  same  cause  has  withdrawn  from  cultivation  and  human  in- 
habitation not  less  than  1,100,000  acres  of  ground  once  well-wooded,  well- 
drained,  and  productive."* 

Collections  of  trees  oppose  a  mechanical  impediment  to  the  movement 
of  winds.  In  a  dense  forest  the  air  may  be  calm  when  it  is  fierce  without. 
A  belt  of  woodland  acts  as  a  screen  against  the  diffusion  of  malarial  ex- 
halationa.     The  rows  of  trees  planted  in  the  Tuscan  Marcnima  on  a  large 


>  Uanh :  The  Earth  an  Modified  by  Humau  Action,  1^74.  p.  S:!) 
*  "Tbftroot«  of  vei^tabtes  perform  the  office  of  drainiDg  io  a  manuer  anaiogouKto 
that  artificially  practii^l  in  [utrts  nf  Hnlland  ami  ihc  BrlUnh  Isfnnilft.  Tbia  method 
consistf)  Id  driving  deeply  down  into  the  soil  Boveral  bnndred  ntakes  to  the  aero ;  the 
wat«r  filters  down  along  the  stakes,  and  in  (iom«  cases  n^  favorable  recults  have  been 
obtaiaed  bj  this  niaaDS  a«  by  horizontal  drains." — d'Ht-ricoart,  AnnaLcH  ForeHtieni, 
IW7.  p.  313. 

'  Marsh :  Op.  cit.,  p.  S06. 
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M^ale,  by  the  ftdvicc  of  a  commission  appointed  to  devise  moasures  for  tht 
Kaiiitary  iinprovcniont  of  this  district,  were  planted  with  the  distinct  ol>- 
joot  of  iiitorcoptirig  the  pernicious  exhalations  from  malarious  localiliea. 
Whether  the  agency  \%  «iM»pIy  meehanical,  or  whetlier  Cree-S  posaeas  the 
power  of  neutralir.ittg  the  |Kiitfon  by  the  action  of  oxone,'  or  some  otbrr 
chemieal  apeney,'  has  not  yet  been  determined.  Vegetation  may  do 
hann  by  exrludiii;:^  the  air  and  prcventinj?  proper  ventilation.  It  m»r 
be  injurious,  especially  where  the  drainage  Is  defective^  and  where  decay- 
ing organic  matter  is  present. 

**  So  far  a»  we  are  able  to  sum  up  the  results,  it  would  appear,'*  saya 
Marsh,'  "that,  in  countries  in  the  temperate  zone  still  chiefly  corered 
with  wood,  the  summei-s  would  be  cooler,  moistcr,  shorter,  thr  winten 
milder,  drier,  longer,  than  in  the  same  regions  after  the  removal  of  the 
forest,  and  that  the  condensation  and  precipitation  of  atmospheric  mois- 
ture would  be,  if  not  greater  in  total  quantity,  more  frequewt  and  le 
violent  in  discharge." 

Covering  the  surface  with  grass,  plants,  and  the  more  diniinuiive  forms 
of  vegetation,  has  a  healthful  influence.     The  beneficinl  efTeriK  of  thecal* 
tivation  of  the  soil  are  well  understood.     The  existence  of  brushwoo*!  is 
indicative  of  neglect  of  the  soil,  and  is  frequently  associated  with  ui  un- 
healthy locality.     The  judicious  planting  and  removal  of  trees  about  a 
habitation  may  add  materially  to  the  healthfulnebs  of  the  place.     In  hot 
countries  trees  protect  against  the  ardent  rays  of  the  sun,  and  produce  a  i 
cooling  cfTcct  upon  the  air.     In  coot  countries  they  ward  ofT  i-hillint;  blasta;.] 
in  hoth  they  may  be  used  as  a  barrier  to  malarious  currents  of  air.     Thej 
Eitcalyptng  tTGQ  is  just  now  niucli  in  favor  on  account  of  its  rapid  growth, 
its  great  power  of  absorbing  moisture  from  the  soil  and  exhaling  it  into 
the  atmosphere,  and  also  on  account  of  a  supposed  special  counlerat-ling  j 
influence  upon  the  malarial  poison  itself.     Unfortunately,  it  thrives  only 
in  a  warm  climate,  and  ita  use  will  uecessarily  be  restricted  to  a  com|Hira* 
lively  limited  area. 

Soils  counHhred  in  nhition  to  heat,  Uffht^  mal<iria,  etc. — Soils  differ 
in  their  power  of  absorbing  the  heat  of  the  sun.  The  differences  di*ppnd 
mainly  upon  the  color,  composition,  and  texture  of  the  soil.  The  inclina- 
tion and  form  of  its  surface,  the  form  and  character  of  the  nulMitancea 
upon  it,  and  its  humidity,  are  all  mollifying  influencea.  A  difference  of  , 
.1'i°  Fahr.  has  been  observed  between  the  temperatures  of  a  naked  rock 
and  one  covered  with  vegetation,  the  observations  being  taken  at  the 
same  time  and  in  the  same  locality  (Parkes). 

Absorption  of  heat  takes* place  upon  the  surface,  or  at  teaat  within  a 
very  superliciul  stratum.  The  heat  is  disseminated  slowly  downward  by 
conduction,  atid  is  also  imparted  to  the  atmosphere  by  surface  communi' 
cation  and  by  ra<liation.     Aa  different   soils    have  different   powem  of 


'  Bbenoeyer:  Die  Physikalincbcd  Binwirkungen  des  Walilcw,  187:t.  pp.  SB7  ciMn* 
*  Selmt :  II  Uiasroa  PuliuLre,  ItlTU,  pp.  100  etseq. 
«0p.  dUt,  p.  IW,^ 
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absorption,  the;  have  also  dl^erent  powers  of  radiationi  and  the  power  to 
absorb  beat  is  proportional  to  the  power  of  radiation.  * 

The  LOtenoity  of  radiation  inort^aaos  rapidly  with  the  temperature  of 
the  radiant  surface.  In  hot  elirnates  it  is  not  unusual  to  find  a  tempera- 
ture of  120°  to  140°  Fahr,,  and  even  more,  on  the  surface  of  dry  and 
light  soils.' 

Herschel' observed  it  at  159*  Fahr.  at  the  Cape  of  Good  Hope,  and 
Parkcs  cites  Buist  as  authority  for  the  statement  that  in  India  the  ther- 
loometer,  placed  on  the  ground  and  exposed  to  tlie  sun,  will  mark  100° 
Fahr.,  while  two  feel  from  the  ground  it  will  only  mark  \'Zi)°. 

The  following  table  furnishes  the  reaults  of  experiments  made  by 
Shflblcr  for  determining  the  degreett  in  which  various  soils  possess  the 
property  of  absorbing  and  retaining  heat : 


SoUa   aa  reganU  power  of  retaininff  hetU;  100  beinff  assumed 
as  the  stauilartl. 

Sand,  with  some  lime 100. 0 

Pure  sand 93.6 

Light  clay 76. S 

Gypsum 73 .2 

Heavy  clay 71.1 

Clayey  earth 68.4 

Pure  clay «« .7 

Fine  cha'lk 61.8 

Humus 4»,0 

It  is  evident  from  the  above  experiments  that  sandy  soils  arc  the  hot- 
test and  clayey  soils  and  humus  the  coldest, 

Becqucrel '  says  :  "  Other  things  being  equal,  siliceous  and  calcareous 
^ands,  compared  in  equal  volumes  with  different  argillaceous  earths,  with 
calcareous  powder  or  duat,  with  Autntig,  with  arable,  and  with  garden 
earth,  are  soils  which  least  conduct  heat.  It  is  for  this  reason  that  sandy 
ground,  in  summer,  maintains  a  high  temperature,  even  during  the  night. 
.  .  .  .  After  the  sands  follow,  successively,  argillaceous,  arable,  and  garden 
ground;  then  humus,  which  occupies  the  lowest  rank. 

"  The  retentive  power  of  humus  is  hut  half  as  great  as  that  o(  calcare- 
ous sand.     We  will  add  that  the  power  of  retaining  heal  is  proportinnal 
to  the  density.     It  has  also  a  relation  to  the  magnitude  of  the  particles. 
It  is  for  this  reason  that  ground  covered  with  siliceous  pebbles  cools  more 
_       slowly  than  siliceous  sand." 

I  With  respect  to  the  property,  of  absorbing   heat,  in  temperate  cli- 

H       mates  sandy  soils  are  generally  considered  to  be  healthier  than  argillace- 
H      ous  soils,  the  latter   being  cold  and  damp,  and,   therefore,  favorable  to 

H  ■  MQUer :  Priociples  of  Phyuos  aod  MeUioroIogy,  lb48,  pL  a75L 

H  I  HeLeoroIog7,  1»61,  p.  41. 

^^^^^^  '  Dee  Climaw.  etc.,  p.  137. 
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tbe  production  of  catarrhal  ami  rheumatic  afT'^ction.'i.  It  la  otherwise  in 
hot  climates,  where  a  sandy  soil,  hy  having  a  high  degree  of  heat  by  nigfal 
as  well  as  in  the  daytimc.itends  to  maintain  a  high  temperature  of  the 
Htmosphoro.  Clayey  soils  part  with  their  heat  more  rapidly,  and  havethu 
ciTect  of  cooling  the  atmosphore. 

A  stony,  aandy,  harren  soil,  with  scanty  verdure,  or  deprived  of  il  al- 
together, absorbs  heat  more  rapidly,  and  is  hotter  than  ono  that  U 
covered  with  vegetation.  When  the  ground  is  sliiehled  with  ve^tation, 
the  rays  of  the  sun  do  not  fall  upon  it  directly,  but  moaily  through  t^|^H 
medium  of  heated  air;  it  therefore  romain»  cooler.  Moreover,  the  T^je^H 
tation  is  constantly  evaporating  moisture,  and  cools  considerably  by  noc- 
turnal radiation,  so  that  the  temperature  of  the  grass  often  falls  10^  to  15* 
Falir.  1k>1ow  that  of  the  air.  For  this  reason  the  interior  of  woods  luiA 
forests  is  cool,  their  foliage  acting  in  the  same  cooling  manner  as  ths 
:roveriDg  of  grass.' 

The  earth  receives  the  solar  heat  upon  its  superficial  surface,  aii'l 
ilowly  inii>art3  it  to  the  ground  beneath  by  the  power  of  conduction. 
Toward  night  this  ceases,  and  the  "wave  of  heat"  ro<>edo8  toward  the 
iurfaoe.  The  diurnal  variation  of  temperature  becomes  less  as  the  depth 
increases,  and  the  point  at  which  it  disappears  varies  with  the  caj}acity  of 
the  soil  for  conducting  heat,  and  with  the  season.  **  In  ordinary  soils  the 
difference  between  the  diurnal  and  nocturnal  extremes  becomes  imper- 
ceptible at  four  feet  below  the  surface.  (Quetelet:  Mem.  Ac^d,  Urux., 
1836.)  In  like  manner,  the  general  increase  of  heat  due  to  the  summer 
season,  and  of  cold  during  winter,  are  propagated  in  similar  but  Urger 
and  feebler  annual  waves,  which  in  their  turn  neutralize  each  other  ai 
more  considerable  depths,  and  Ijecome  imperceptible  at  forty  or  fifty  feel. 
Professor  Forbes  has  shown,  in  an  elaborate  memoir  on  the  subject  (Trmo!*. 
R.  S.  Gdin.,  XVI.),  that  at  depths  varying  from  57  to  00  feot,  according 
to  the  nature  of  the  soil,  the  annual  variation  does  not  exceed  0.01"  C" 

There  can  be  no  doubt  that  one  of  the  advantages  derived  from  dc**p 
drainage  of  the  soil  results  from  the  impForement  of  its  tem)>erBturv. 
Josiah  Parkcs  showed  by  his  experiments  an  increase  of  10*  Fahr.  in  th*- 
temperature  of  drained  land  over  undrained  bog-land,  at  31  inches  below 
the  surface;  and  ShQbler  cites  an  instance  where,  on  land  that  had 
well  aerated  (drained),  tho  mean  annual  temperature  waA  raised  6"  Fahr. 
at  a  depth  of  four  feet.  Drainage  contributes  to  the  dryness  of  the 
and  improves  its  temperature,  not  only  by  diminishing  evaporation  hud 
increasing  the  hygro.<tcopic  powers  of  tho  soil,  but  by  increasing  thi» 
power  to  absorb  the  rays  of  heat. 

Tlie  influence  of  the  temi>eraturp  of  the  soil  npon  the  causation  of 
disease  is  undoubted.  Heat  in  one  of  the  factors  conoenied  in  the  pn»- 
duction  of  malaria,  and  it  aUo  probably  aids  in  the  elaboration  of  ibc 
poison  of  cholera,  typhoid  fever,  and  oi}ier  diseuea. 

'  Mttller ;  Priooiplea  of  Physios  and  Meteorology,  1848,  ^  5?S. 
'Heracbel     Meteomlog/.  18G1,  p.  43. 
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The  reflection  of  light  by  the  surface  of  diffcront  soiU  varies  with  the 
color.  Ligh t -colored  soils  reflect  liffht  with  grreat  intensity;  ftml  thfy  aro 
also  hot,  8«  tho  rcflcctiDg  power  of  n  surface  for  heat  and  for  light  Is  the 
same.  Light  reflected  from  a  white,  glaring  surf&eo,  and  continued  for 
any  length  of  time,  tends  to  impair  vision.  The  glare  from  the  white 
sanda  of  the  seashore  have  this  effect.  The  night-blindness  of  thn 
tropics,  due  to  a  bhtnled  sensibility  of  the  retina,  is  caused  hy  constant 
exposure  to  the  strong  glare  of  the  sun.  The  soldiers  in  tho  Crimean 
war,  and  in  the  late  American  war,  frt^quently  sufTerwl  from  this  defect 
of  vision.  The  reflection  of  light  from  a  field  of  snow  sometimes  pro- 
duces temporary  blindneas.  The  use  of  the  means  to  absorb  the  light  to 
the  extent  of  rendering  it  le.ss  hurtful  need  not  be  suggested.  ^ 

Marshy  (fistricts  are  the  haunts  of  malaria  in  almost  all  countries. 
There  are  many  exceptions,  which  it  is  difficult  to  explain.  For  example, 
the  swampy  lands  in  many  of  the  islands  of  the  Pacific  and  on  the  coast 
of  Australia,  and  many  of  the  marshes  along  the  Atlantic  coast  of  the 
United  States,  though  apparently  possessing  all  the  conditions  for  the 
development  of  malaria,  are  comparatively  free  from  th^  poist^n.  Jour- 
danct '  mentions,  as  a  notable  case,  the  lake  of  Tescudo,  situated  eloHe  by 
the  city  of  Mexico,  and  covering,  at  ordinary  times,  an  area  of  twenty-five 
square  miles,  whose  clayey  bottom  is,  at  certain  seasons,  frequently  exposeil 
to  a  considerable  extent  as  the  result  of  extremely  active  evaporation 
under  a  high  degree  of  temperature,  without  giWng  rise  to  malarial  fevers. 
Marshes  that  are  subject  to  a  regular  tidal  overflow  by  the  sea  are,  as  a 
rule,  free  from  malaria,  though  this  point  has  been  contestecL  Many  of 
the  watering-places  situated  along  the  Atlantic  coast  of  this  country  close 
to  salt  marshes  are  comparatively  free  from  malarial  diseases.  Whenever 
there  is  an  occasional  overflow,  or  when  there  is  a  mixing  of  salt  and  fresh 
water  in  coast-marshes,  the  conditions  arc  most  favorable  to  the  develop- 
ment of  highly  noxious  effluvia.  It  is  believed  that  the  salt-water  has  the 
effect  of  killing  many  fresh-water  plants  and  animals,  and  that  the  fresh 
water  in  a  like  maini'Tls  dirstructive  of  marine  organisms,  tUim  producing 
organic  decomposition  and  the  exhalation  of  poisonous  miasms.'  The 
sanitary  condition  of  the  territory  known  as  the  Tuscan  Maremma,  a 
marshy  district  lying  upon  the  western  coast  of  Italy,  which  has  been 
proverbially  unhealthy  for  cienturies,  has  been  vastly  improved  by  filling 
up  the  marshes  and  lagoons  with  the  serilmentary  deposits  from  the  sur- 
face-waters, and  by  the  separation  of  the  waters  of  the  wja  and  of  the 
land,  in  speaking  of  tho  effect  of  these  operations  in  the  Vai  di  Chiana, 
Marsh  says  that  '^' the  fevers,  which  not  only  decimated  the  population 
of  the  low  grounds,  but  infested  the  adjacent  hilts,  have  eeasfd  their 
—^  ravages,  and  are  now  not  more  frequent  than  in  other  parts  of  Tuscany." 
B  Marsh  lands  arc  particularly  unhealthy  when  their  st/r/tice,  previously 
I     saturated  with  water,  is  exposed  to  the  heating  influence  of  the  sun,  and 
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■  L'Union  medicale,  1863.  No.  129.  p.  313. 

'  SaItb^qH  :   Rapporto  fttil  Bonificamento  deHn  Maremmti  TtMcaao,  19S0. 
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,  to  ft  certain  extent,  desiccated.  By  the  sinking*  of  the  ground- 
wmter,  not  only  the  surface,  but  the  superficial  soil  is  directly  suhjeotfd 
to  the  action  o{  heat  and  air,  canditions  most  essential  to  the  evolution  of 
*"•*■*■■  Ferguson  i»ay9  that  paucity  of  water,  where  it  has  prenouiily 
and  recently  abounded,  is  an  indispensable  condition  to  the  production 
of  msnh  iKtison,  and  "tu  this  there  is  nu  i^xeeptioit  in  climates  of  big^i 
temperature." 

A  mode  of  irrigation,  practised  at  one  time  in  certain  departments  of 
France,  particularly  in  Brenne,  Sologne,  and  Donibes,  which  consi&ts  in 
submerging  tractii  of  land  for  a  year  or  more,  and  subsequently  draining 
and  cultivating  them,  rendered  the  country  almost  uninhabitable.'  The 
irrigation  of  rice  fields,  which  consists  in  ialtemately  flooding  and  draining 
the  grounds,  is  productive  of  malarious  fevers.  Rtee  cultivation  has 
proved  so  much  more  pestilential  in  Southeni  than  in  Northern  Italy  thit 
it  has  long  been  discouraged  by  the  government.* 

Organic  matter  is  present  in  considerable  quantity  in  the  air  of 
marshes,  and  so  far  as  investigations  have  been  pursued,  this  matter  is 
found  to  possess  the  same  general  character.  Carbonic  acid  is  in  exosia. 
{Sulphuretted,  carbaretted,  and  pliosp  buret  ted  hydrogen  gases  are  often 
evolved  from  marsh  land.  Free  hydrogen  and  ammonia  may  also  be 
present.  Living  orgainsnis,  vegetable  debris,  and  spores'  of  plants  have 
been  found  in  considerable  quantities. 

Malarious  marshes  are  flat,  poorly  drained,  and  hold  a  large  amount  of 
water  without  6ooding;  they  contain  large  quantities  of  organic  matter — 
10  to  45  per  cent.  (Parkes) — and  mineral  compounds,  such  as  silicates  of 
alumina,  sulphates  of  lime,  magnesia,  etc.  Vegetable  organic  matter  is 
in  excess.  Vegetation  is  usually  abundant,  but  this  latter  feature  is  uo 
kmger  considered  of  very  great  importance  in  relation  to  the  propagation 
of  m&laria. 

Alluvial  soils,  generally  speaking,  are  productive  of  malaria.  For  this 
reason  bottom  lands,  low  land^  bordering  on  rivers  which  are  occasioDally 
flooded,  and  the  deltas  of  large  streams,  are  very  unhealthy.  Soils  occa- 
sionally receiving  the  washings  of  rivers  composed  of  loose  sand,  gravel, 
and  mud,  with  a  certain  admixture  of  ot^nic  matter,  are  to  be  regarded 
with  suspicion.  The  draining  of  ponds,  lakes,  and  watercourseB  has  fre- 
quently been  followed  by  malarial  fevers.  The  deltas  of  rivers  formed  by  th* 
deposit  of  detritus  carried  down  by  the  current  are  proverbially  unhealthy*. 
Those  of  the  Nile  and  the  Po,  and  the  islands  of  the  Walchensn,  are 
prominent  examples.  Heeently  formed  alluvial  soil  may  give  rise  to  the 
poison,  as  pointed  out  bv  Wcnzcl.*  During  the  construction  of  the  har- 
bor of  Wiihelmshaven,  on  the  bay  of  Jade,  it  appears,  from  bis  repoH 


*  Dani^isoo :  Elenents  of  HjgieDe,  p.  115. 
*Manli,  op.  oit,  p.  468. 

*  SalUlnu7  :  Amer.  Jour,  Med.  aviencea,  1806,  p.  51 ;  ood  Balestn-  Ccntpte*  rm-j 
du«.  18T0. 

*  Pmgvr  Viertcliahimilir.,  1B70.  IV.,  p.  I. 


that  malarial  diseases  became  epiilemic,  and  then  gradually  subsided  with 
the  more  advanced  condition  of  the  banks  and  the  betterment  of  the  aur- 
ronnding  tonritory. 

nigjfiiig  up  the  soil,  excavating  for  CMnalii,  huiltting'  <Iykcs,  the  clear- 
ing anil  preparation  of  lands  for  their  first  cultivation,  by  exposing  earth 
conlaining'  matters  which  have  long  remained  in  a  quieseent  state  to  the 
energetic  aotlon  of  the  «un,  may  subject  people  living  in  the  neighbor- 
hood to  an  attack  of  malarial  disease. 

Sandf/  soiUf  though  usually  regarded  a«t  healthy,  are  sometimes  mala- 
rious. Such  soils,  when  superficial,  are  sensibly  afTected  by  thn  character 
cf  the  substratum.  If  covering  an  argillaceous  or  clayey  bod,  impervious 
to  water,  or  if  so  situated  as  to  maintain  a  high  level  of  the  ground-water, 
they  are  kept  constantly  humid  by  the  evaporation  from  below;  and 
though  the  surface  may  be  dry,  and  even  parched,  the  conditions  beneath 
it,  especially  when  organic  matter  is  present  iti  the  sand,  are  those  which 
materially  aid  in  the  development  of  the  malarial  poison.  Dr.  Ferguson 
recorfls  an  epidemic  of  intermittent  fever  ilmt  prevailed  in  August,  1704, 
Among  the  British  truoj>s  cncainjiod  at  Rri^tncidHul  and  Oosterhout,  in 
South  UoUand.  The  soil  in  both  places  was  a  level  plane  of  sand,  with  a 
perfectly  dry  surface,  where  scarcely  any  vegetation  existed  ;  but  beneath 
the  surface,  and  close  to  it,  the  soil  vnis  infiltrated  with  water.  The 
summer  had  been  very  hot  and  dry.  Sandy  plains,  that  rocoivo  from 
neighboring  hills  the  surface-waters  mixed  with  animal  and  vegetable  im- 
purities, or  that  lie  upon  an  impermeable  stratum  which  collects  the 
organic  matters  carried  down  into  the  soil  by  th-^  percolation  of  rain- 
water, such  as  the  T^andcs  of  Gascony,  have  been  known  to  cause  malarial 
fevers  at  certain  periods  of  the  year. 

Shallow  ruck-basins,  having  no  outlet,  hold  the  surface-waters  and 
whatever  ingredients  they  may  contain.     Such  a  formation  may  be  the 
verning  cause  of  the  prevalence  of  fevers. 

ne  rocky  soils  have  been  classed  among  the  number  of  those  having 
■ious  character.  It  is  hardly  to  hn  supposed  that  the  disintegrated 
Tock  itself  is  the  active  agent,  but  simply  that  iti  a  rocky  district  the  essen- 
tial elements  may  all  be  present.  The  fissures  and  chasms  in  the  rocks 
containing  moist  and  decaying  detritus,  and  the  half-dried  ravines  and 
beds  of  streams  may  furnish  the  very  conditions  essential  to  the  omission 
of  miasmata. 

Maity  malarious  soils  contain  fcrrtiginous  matter  (t.  f.,  oxides  of  iron), 
and  it  has  been  suggested  that  this  ingredient  may  in  some  way  be  con- 
nected with  the  production  of  the  poison;  but  the  evidence  on  this  point 
is  not  conclusive. 


EXAUINATION    OP   THB    Son.. 


An  examination  of  the  soil  in  its  sanitary  bearings  should  embrace,  in 
its  scope,  not  only  the  superficial  layers,  but  also  the  subsoil  to  a  depth  nt 
ten  or  twelve  feet  or  more.   The  organic  and  inorganic  constituetits  uf  thv 
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soil  slioald  be  determined  by  a  simple  method  of  knalyftis,  sucli  mB  then 
to  be  iudicaied.  The  physical  properties,  especially  in  their  relation  to 
heat,  muisture,  and  air,  are  not  less  important.  The  stale  of  the  ground- 
water, particularly  the  rariations  in  iu  level,  sboold  be  eareftdly  noted. 
Analyses  of  the  ground-airand  ground'Waterare  not  usually  reoomnieiKled 
in  ordinary  examinations,  but  they  are  essential  to  the  completencfls  of 
the  iDTestigation.  It  is  necessary  to  bear  in  mind  that  the  character  and 
arrangement  of  the  underlying  rocky  strata  exert  a  marked  influence 
upon  the  superimposed  soil,  especially  in  regard  to  the  movement  of 
water,  and  therefore  a  familiarity  with  the  general  geological  conditioos 
of  the  locality  is  of  itnpurtance.  For  example:  a  comparatively  iniper- 
vious  rocky  basin,  having  no  outlet,  will  hold  water  as  in  a  dish,  and  will 
keep  the  soil  above  it  constantly  more  or  less  moist,  no  matter  what  may 
be  it«  properties. 

Many  of  the  more  prominent  characteristics  of  the  soil,  sueh  as  color, 
temperature,  porosity,  density,  composition — that  is,  whether  sandy. 
gravelly,  clayey,  etc.,  can  be  readily  determined  by  an  ordinary  examina- 
tion. The  conformation  of  the  surface  and  the  meteorological  pbenoineiui 
of  the  locality  should  also  be  regarded.  The  subsoil  may  in  like  manner 
be  examined  by  digging  holes  ten  or  twelve  feet  deep,  care  being  taken 
to  observe  any  variation  in  the  appearance  of  the  soil  as  removed.  Water 
should  be  jKJured  on  different  samples,  and  the  effect  noticed.  The  dis- 
tance of  the  level  of  the  ground-water  from  the  surface  shuuld  be  eart'fully 
ascertained.  After  rain,  holes  should  be  dug,  Jn  order  to  determine  the 
depth  to  which  the  water  has  penetrated  the  ground. 

The  temperature  of  the  soil  should  be  taken  at  Its  surface  and  at  dif- 
ferent depths  beneath  it.  The  depth  selected  by  Lewis  and  Cunningham, 
for  an  extende<l  series  of  obser^'ations  made  at  Calcutta,  was  six  feel  from 
the  surface.'  Thermometers  furnished  with  long  tubes  are  bune<l  in  the 
ground,  and  their  indications  recorded  daily.  Observations  should  be 
taken  at  least  twice  a  day,  t.  e.,  early  in  the  morning  and  at  the  hottest 
part  of  the  day. 

Soil-temperature  is  known  to  have  an  important  influence  upon  soil- 
ventilation  and  soil  carbonic  acid,  and,  as  thus  associated,  has  been  studied 
in  couuection  with  the  level  of  soil-water,  with  reference  to  its  influence 
upon  the  prevalence  of  certain  diseases,  as  cholera,  for  example.  The  in- 
vestigations are  as  yet  too  limited  to  be  of  much  value,  but  they  proTnise 
to  yield  important  results. 

The  mineral  constituents,  which  are  very  numerous,  rarely  occur  alone, 
two  or  moreuf  these  element»  being  associated  together  in  a  homc^eneotu 
mass,  and  thus  constitute  rocks,  of  which  ttie  bulk  of  the  earth*s  crust  if 
composed.  The  soil  is  formed  of  these  rooks,  in  a  more  or  leas  disiote- 
grated  state,  with  some  admixture  of  organic  matter.  The  principal  in* 
gredients  to  be  searched  fur  arc  silica,  alumina,  lime,  iron,  magnesia, 
potash,  Buda,  chlorine,  carbonic   acid,   and   phoHphorio  actd.     The  un* 
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ilecomposed,  solid  parts  of  the  soil  may  be  exumtncd  with  reference  to 
their  mine ra logical  character.  The  ordinary  rocks,  such  us  granite,  trap- 
rocka,  gneiss,  mica  slate,  clay  slate,  sandstone,  and  limestone,  can  be  dis- 
tinguished without  much  difficulty.  Limestones  may  be  designated  from 
rooks  having  a  similar  appearance  by  their  effervescence  upon  the  applica- 
tion of  a  few  drops  of  hydrochloric  acid. 

A  simple  analysis  of  the  soil  may  he  made  in  the  following  manner: 
Take  a  portion  of  the  soil,  free  from  any  large  stones,  dry  it,  and  weigli 
it;  then  having  carefully  removed  and  weighed  the  Holid  mineral  ingredi- 
ents, separate  the  finer  particles  by  passing  them  through  a  sieve.  That 
portion  of  the  sample  remaining  in  the  sieve  may  then  he  thoroughly 
mixed  with  water,  and  the  suspended  particleji  poured  oflf.  The  residue  is 
again  stirred  up  with  frcah  water,  and  this  poured  off  after  the  dense  [»ar- 
ticles,  including  sand,  have  settle<I.  The  difference  between  the  combined 
weight  of  the  solid  muierul  fragments  and  the  dried  coarser  particles  left 
after  treating  with  water,  and  the  weight  of  the  original  mass,  will  be  the 
amount  of  the  fine  earthy  substance,  probably,  for  the  most  part,  an  impure 
silicate  uf  aluminum.' 

If  desircdf  a  more  elaborate  examination  of  the  physical  and  chemical 
properties  of  the  soil  may  be  made  in  the  laboratory. 

For  this  purpose  take  a  fair  sample  of  the  soil  (about  ten  or  twelve 
pounds)  free  from  any  large  stones,  dry  it  by  exposure,  in  summer,  to  the 
ordinary  temperature  in  the  shade,  or,  in  winter,  in  a  wami  room,  or  in  a 
moderately  warm  drying-chamber  heated  to  a  temperature  of  85'  to  100" 
F,  Separate  the  larger  stones  and  pebbles  from  the  finer  parts,  by 
hand,  or  by  a  coarse  sieve,  and  determine  their  mincralogical  character. 
Pulverize  the  soil  in  a  mortar  with  a  wooden  pestle,  or  by  rubbing  it  be- 
tween the  hands,  and  then  pass  it  through  a  sieve.  The  following  points 
may  then  be  determined  : ' 

1.  Ainoitnt  of  hydroscopic  water. — To  estimate  the  amount  of  hygro- 
•copic  moisture,  heat  ten  grammes  of  the  soil,  previously  air-dried,  at  a 
temperature  of  213^  F.  till  it  ceases  to  lose  weight,  then  roweigh  it;  the 
difference  is  the  hygroscopic  water. 

2.  Aniount  of  uryanic  tnatter^  or  ot/ter  i-'ohttiie  inutttrs  besides  leater. 
— Take  a  weighed  quantity  of  the  same  soil,  and  incinerate  it  in  a  platinum 
tray  or  crucible,  heated  over  the  gasdamp;  the  carbonio  acid  belonging 
to  the  inorganic  part  of  the  soil,  as,  for  example,  in  the  form  of  carbonate 
of  lime,  must  be  restoretl  by  moistening  the  ignited  residue  witli  ammo- 
nium carbonate  ;  dry»  gently  ignite,  and  weigh.  From  the  loss  of  weight, 
subtract  the  amount  of  water  in  the  quantity  taken,  calculated  from  the 
results  of  an  estimation  of  hygroscopic  water  in  another  portion  of  the 
Hame  soil,  and  the  remainder  will  be  the  organic  matter,  or  other  volatile 
iiuitters  besides  water. 


1  StAekhnrdt:  AErrionlt  Cfaemirtry,  1855,  pi  S89 

*S«e  Apricolt.  Cbem.  Aoalyaie:  Wolff,  FTOseniufi,  Krock«r,  and  olhem,  si1it»d  hj 
Caldwell,  1BG9. 
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3.  Power  of  retaining  hyffroacopic  wattr. — This  is  approximately  de- 
termined by  the  proceas  given  above.  The  in6ucnccof  temperature  upon 
this  property  of  the  soil  may  be  determined  by  spreading  a  thin  layer  of 
the  Boil,  carefully  weighed,  on  a  shallow  dish»  and  noting  th«  changes  in 
weight  from  time  to  time  when  it  is  exposed  to  sunlight  while  protecte'l 
from  currents  of  air,  or  to  a  temperature  of  70**,  85°,  and  100'  F.  The 
amount  of  moisture  absorbed  from  a  saturated  atmosphere  may  be  deter- 
mined Iiy  placing  tlie  suil  on  the  same  !»huIlow  dish,  as  above  described, 
together  with  a  shallow  vessel  of  water,  under  a  bell-jar,  and  weighing 
several  times  in  the  twenty-four  or  forty-eight  hours.  The  increue  in 
weight  is  the  water  absorbed.     The  tcmfierature  should  bo  observed. 

■t.  Tfic  power  of  the  soil  to  retain  iiijuid  tratrr.^To  determine  th** 
power  of  the  soil  to  hold  water,  take  a  zinc  Ikjx,  17  ctni.  deep,  and  3  ctcn. 
square,  whose  bottom  is  perforated  with  numerous  smalt  hole*  ;  rover  the 
bottom  with  a  piece  of  moistened  line  linen,  and  weigh  the  box  ;  then  fill 
the  box*  with  the  air-dried  soil,  and  weigh  it  again.  Immerse  in  water  to 
the  depth  of  3  or  4  mm.,  noting  how  long  a  time  is  re^uipwl  for  the  water 
to  reach  the  surface,  and  allow  the  box  to  remain  in  the  water  until  ther** 
is  no  further  change  in  weight.  The  amount  of  water  alwiorbed  by  10*1 
parts  of  the  soil  may  then  be  calculated.  It  may  be  ol>ser\-ed  that  th" 
deterrainntions  made  in  the  laboratory  do  not  furnish  a  true  expression  of 
the  actual  amount  of  water  absorbed  by  soils  in  their  natural  pocition, 
but  simply  indicate  the  relative  absorbing  capacities  of  different  soils. 

5.  The  ponmty  of  the  soU. — The  porosity  of  the  soil,  or  the  ratio  be- 
tween the  volume  of  the  solid  particles  and  that  of  the  spaces  filled  witti 
air  or  water,  is  estimated  by  dividing  the  apparent  specific  gravity  of  the 
Boil,  dried  at  Sl^*  F.,  by  tho  real  specific  gravity.  The  calculation  for 
100  volumes  of  soil  will  be  as  follows: 

Apparent  specific  gravity  x  100      the  volume  of  solid  particles  in  lOO 
Ileal  specific  gravity  ~      paits  of  the  soiL 

Then  100— vols,  of  solid  particles  =  the  volume  of  the  pores." 

C.  Sub9ta*ii'es  soluble  it>  crater. — It  is  imjwrtant  to  determine  the  or- 
ganic and  inorganic  matters  in  the  soil,  soluble  in  water,  with  rrfeivnc*' 
to  the  {xKsibte  contamination  of  drinking* water  from  this  source.  Place 
in  a  flask  about  500  grms.  of  the  air-dried  soil  to  be  examidcil,  and  pour 
over  it  about  2,000  c.c.  of  pure  water,  carbonated.  I^ave  the  water  in 
contact  with  the  soil  for  several  days  in  the  flask,  which  should  be  well 
stoppered,  occasionally  agitating  the  mixture  briskly.  Pour  off  1,000  c.c. 
of  the  clear  liquid,  representing  250  grins,  of  the  soil,  filler  it,  and  e>*apt>' 
rate  the  filtrate  to  drj'ness,  at  a  temperature  below  the  boiling  point;  dry 
the  residue  at  about  2A0°  F.,  weigh  and  Ignite,  and.  after  treatment  with 
ammonium  carbonate  and  gentle  ignition,  weigh  again.  The  difference 
between  the  two  weights  will  be  the  amount  of  organic  matter  taken  up 
by  the  water.     A  similar  solution  may  be  prepared  in  Urger  quantiti**. 


'  Ths  speoifio  gravity  maj^  be  estimated  hy  the  method  in  oae  for  detenninJag  the 
Hpttcifia  weight  of  a  powdor,  oiuneljr.  that  of  the  Hj>iKnf]c  gravitj  l>ottl«. 
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and  tested  (or  other  subftt&nces  according*  to  the  plan  laid  dnvrn  in  the 
chapter  on  firinking"-water. 

7.  Suhxtance^  soluble  in  hydrochioric  add. — Pure  hydroohlorio  acid  ts 
used  as  a  solvent  of  those  substances  not  taken  up  by  water.  Parkcs ' 
furnishes  the  following  tests: 

*'  (a).  Tu  40  grms.  of  the  soil  add  one  ounce  of  pure  hydrochloric  acid^ 
and  heat;  note  effervescence.  Add  about  100  c.c.  of  water.  Digest  for 
twelve  hours.     Dry  and  weigh  the  undissolved  portion. 

**  (h).  To  the  acid  solution  add  ammonia.  Alumina  and  oxide  of  iron 
arc  thrown  down.     Dry  and  weigh  jirecipitate. 

"  (r).  To  the  suhiiion  filtered  from  (A)  aild  ammontum  oxaIat«,  Dry; 
wash  and  burn  the  calcium  uxalatt*.     Weigh  as  carbonate. 

"  (rf).  To  the  solution  filtered  from  (*:)  adil  sodium  phosphate.  Collect; 
dry  and  weigh  (100  parts  of  the  precipitate  =  70  part»  of  magnesium 
carbonate),  or  determine  as  pyroj>hosphal(>. 

"The  portion  insoluble  in  hydrochloric  acid  consists  of  quartz,  clay^ 
silicates  of  alumina,  iron,  lime,  and  magnesia.  If  it  is  \viahed  Co  examine 
it  further,  it  should  be  fusftd  with  throe  times  its  weight  of  carbonate  of 
so<liuni,  then  heated  with  dilute  hydrochloric  acid.  The  residue  is  silica. 
Th(f  solution  may  contain  iron,  lime,  magnesia,  atid  alumina.  Test  as 
above. 

**  Iron  can  be  determined  by  the  bichromate  of  potassium,  or  by  the 
permanganate.  As  the  latter  solution  is  ufied  for  oth^r  purposes,  it  is 
convenient  to  employ  it  in  this  c^se. 

*' Dissolve  10  grms.  of  the  soil  in  pure  hydrqchloric  acid  free  from 
iron,  by  aid  of  heat.  Add  a  little  pure  zinc,  and  heat  to  convert  ferrio 
into  ferrous  salts.  Pour  off  the  solution  from  the  zinc  that  is  still  undi^ 
•olved,  HTid  determine  iron  by  putaiusiu[it  permanganate,  t.  c,  heat  to  l-K^ 
F.,  and  then  drop  in  the  solution  of  permanganate*  till  a  permanent,  but 
slightly  pink  color  is  given. 

"The  solution  of  potassium  ]>ermanganate  is  made  by  dissolving  0.395 
grms.  of  tlie  crystallized  salt  in  one  litre  of  water." 

Selkctiox  of  Site. 

The  question  of  the  selection  of  the  sites  of  cities  and  towns  is  seldom 
decided  by  hygienic  laws.  Facilities  for  commerce,  trade,  and  for  the  de- 
velopment of  industries  have  been  more  powerful  considerations.  Many 
a  town  owes  its  origin  to  the  cupidity  of  tlie  speculator.  Consequently 
it  often  happens  that  localities  are  selected  which  are  totally  unfitted  for 
human  habitations.  Towns  arc  erected  without  sanitary  regtdation,  and 
not  until  the  eviU,  which  prudence  and  foresight  could  have  foretold  and 
prevented,  have  become  alarming  and  attract  public  attention,  arc  meas- 
ures adopted  to  cotinieract  vices  of  location,  and  to  modify  the  effects  of 
errors  of  plan  and  construction. 


t  Pxwtloal  HTtrleae.  1878,  p.  346w 
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The  selection  ot  the  site  of  isolated  homes  is  less  influeDced  hy  the  c'w- 
cuiriKtaiiccs  which  govern  the  location  of  towns. 

The  principal  points  to  be  observed  in  selecting-  &  5it«  inay  be  alluiled 
10  under  the  following  heads  : 

1.  MeUorologictU  phenomena, — A  knowledge  of  the  state  of  the 
wcatticr  at  all  seasons  of  the  year,  and  of  its  influence  upon  llie  cuuditioiis 
of  the  soil,  Nhould  \*v.  obtained  before  making  a  choice  of  a  locality. 
The  prevailing  winds,  the  frequency  a.nd  quantity  of  rainfall,  the  tempera- 
ture, and  the  prevalence  of  mists  or  fogs,  all  modify,  to  a  greater  or 
less  degree,  the  character  of  the  soil.  Mists  or  fogs  are  always  unhealthy. 
Therefore  a  locality  bordering  on  low  ur  marshy  landts  or  on  IxxlifS  of 
water  over  which  fogs  are  generated,  should  be  avoided.  Lands  not  evi- 
ilently  wet  are  sometimes  the  cause  of  fogs.  Sudden  vicissitudes  of  lem- 
porature,  ofteti  caused  by  conditions  of  the  ground,  as,  fur  example,  the 
evaporation  of  moisture,  are  injurious  to  health, 

2.  CoiifornmtioH  and  elevation. — Those  are  both  important  considera- 
tions. Inclosed  valleys  are  usually  unhealthy,  on  account  of  dam[»uoM 
and  stagnation  of  air.  Flat  surfaces  at  the  foot  of  hills,  oven  thougli  tb** 
soil  be  of  a  favorable  compuaition,  may  be  unhetiltby  by  being  impregnated 
with  organic  matteni  carried  down  by  raiuK  from  the  neighboring  slopejt, 
or  on  account  of  dampness  caused  by  the  pressure  of  water  from  higher 
levels.  A  break  in  the  surface  at  the  foot  of  hills,  such  as  a  deep  raWne, 
will  act  favorably  in  such  cases  by  intercepting  the  surface  and  soil-waiera 
from  the  higlier  districts. 

The  exposure  to  winds  should  be  noted.  Con  formation  of  the  surface 
has  an  important  influence  in  determining  the  force  and  direction  of  windfi. 
A  situation  near  the  top  of  a  slope  is  usually  nmre  desirable  than  on» 
tipon  the  summit  or  at  its  base.  A  valley  with  contracted  outlt^t  may  be 
unhealthy,  on  account  of  the  impediment  to  the  discharge  of  water  and 
the  overflow  from  rains.  Places  screened  from  the  pro|>er  amount  of  sun- 
light, and  deprived  of  the  free  circulation  of  air^  are  apt  tu  be  damp  and 
chilly,  and  tiierefore  undesirable. 

Elevated  lands  with  a  good  slope  are  generally  conaidcred  salubrious, 
since  they  afford  better  facilities  for  drainage,  ir<*eT  evaporation,  compara* 
tive  exemption  from  malaria,  and  purer  and  drier  air.  .Malaria  sometimM 
occurs  in  elevated  and  mountainous  regions,  Tlie  citizens  of  the  towns 
on  the  Southern  Atlantic  and  Gulf  coasts  arc  in  the  habit  of  retreating  to 
the  higher  lands,  during  the  sickly  summer  season,  to  escape  diseaaea  prev- 
alent, during  this  period,  in  the  low  lands  along  tlie  coast.  Elevation  is 
tsaid  "to  possess  qualities  preventive  of  certain  diseaaes  and  curative  of 
others,^  High  elevations  are  frequently  selected  as  sites  for  health 
reaOrts.    (See  Climate.) 

The  geological  features  should  be  observed,  particularly  as  inftuencing 
the  movement  of  watf^r  through  and  over  the  ground,  and  the  rliaractrr 
of  the  water  obtained  from  wells.  An  examination  of  the  character  and 
inclination  of  the  geological  strata  will  often  decide  a  queation  of  drsinagc 
A  gentle  slope,  or  an  undulating  surface,  has  great  advantages,  not  only 


for  natural  drainag^e,  but  in  the  construction  of  works  for  th«  removal  of 
subsoil-water  and  sewage.  On  the  other  hand,  a  dead  level  impedes 
drainage,  and  is  especially  objectionable  if  the  ground  be  of  an  imperme- 
able character. 

3.  Composition  of  the  soil. — TTie  constitution  of  t]»e  ground  under  and 
■urrounding  a  dwelling  is  one  of  the  weightiest  considerations.  No  soil, 
however  favorable  its  external  appearances,  can  be  safely  selet-ted  as  the 
site  for  habitations  without  a  careful  examination  of  the  subittkncfs  of 
which  it  is  composed,  organic  as  well  as  mineral.  And,  such  an  examina- 
tion should  include  the  different  strata  tu  a  deptli  of  ten  or  twelve  feet. 
The  presence  of  organic  matter  is  a  suspicious  circumstance,  and  a  soil 
containing  it  in  large  qiiantily  should  be  avoided.  Vegetable  debris,  pro- 
daoed  by  the  decay  of  plants,  will  bo  found  in  the  superficial  layer  of 
almost  all  soils. 

A  soil  composed  of  clean  gravel,  free  from  clay  and  eiTete  organic 
matter,  and  having  a  porous  substratum,  has  the  advantages  of  free  ven- 
tilation and  drainage,  and  a  low  level  of  the  ground-water — all  essential 
qualities  for  a  dry  and  salubrious  site.  The  permeable  sandstones  and 
chalk  formations  make  good  sites.  Hocky  and  stony  situations  are  usu- 
ally healthy.  Sandy  soils  furnish  both  healthy  and  uidiealthy  sites.  They 
are  regarded  as  salubrious,  provided  they  are  clean  and  purr,  and  that 
they  are  not  water-bound  by  an  inipemieable  foundation,  flny,  and  allu- 
vial soils  generally,  are  regarded  as  unhealthy. 

4.  Phi/nk'nl  comiitiOHSy  ttc. — The  power  of  the  soil  to  absorb  moisture 
from  the  air,  to  take  up  and  retain  liquid  water,  to  become  dry  by  evap- 
oration, and  to  absorb  and  retain  heat,  should  be  a  subject  of  inquiry. 
The  amount  and  quality  of  the  ground-air,  especially  its  percentage  of  car- 
bonic acid,  as  a  measure  of  its  impurity,  but  more  particularly  the  state 
of  the  ground-water,  are  to  be  carefully  determined.  The  height  of  the 
ground-water  at  different  seasons  of  the  year,  and  the  character  of  tho 
fluctuations  in  the  water-level,  should  be  observed.  A  }>ersistently  low 
water-level  is  healthy;  but  a  high  water-level,  especially  if  the  changea 
are  sudden  and  violent,  ia  ver^'  unhealthy.  Dryness  of  the  soil  is  one  of 
the  most  essential  points  in  selecting  a  site.  Vegetation  modifies  the 
conditions  of  the  soil,  and  exerts  an  important  influence  upon  the  salu- 
brity of  a  lot^aiity.  The  water-supply,  whether  derived  from  wells  or 
from  rivers,  has  a  bearing  upon  the  subject.  A  healthy  site  is  dependent, 
in  some  measure,  upon  the  condition  of  the  neighboring  lands  and  bodies 
of  water.  Dampness  may  be  communicated  to  the  soil  from  meadows, 
marshes,  ponds,  and  rivers,  though  located  at  a  distance-  Places  subject 
to  inundations  may  have  a  sickly  season. 

Says  Dr.  Bowditch,'  in  speaking  of  the  prevalence  of  consumption 
in  \ew  England,  in  connection  with  influences  derived  from  the  soil  : 
"  In  choosing  a  site  for  a  dwelling-house,  the  great  desideratum  is  to  ob- 
tain, not  a  perfectly  arid  place,  for  no  such  spot  could  be  inhabited  by 
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man,  but  it  should  be  in  a  portion  of  the  township  which  is  neith«?r.<hi 
high  as  to  bo  exposed  to  violent  gusts  of  weather,  nor  so  low  that  mois- 
ture will  collect  around  it.  I-.et  it  be  on  the  side  of  a  hill,  or  plain,  opr-n 
to  the  south,  and,  if  possible,  defended  from  the  north  and  east,  on  a  dn, 
porous  soil,  through  which  water  freely  percolatos,  and  which,  even  after 
a  rain,  retains  little  moisture." 

Dr.  James  Clark '  is  equally  decided  in  the  opinion  that  dryness  Is  th^ 
most  essential  physical  quality  of  the  soil  and  atmosphere  to  be  taken 
into  consideration  when  selecting  a  situation  for  a  dwelling-house.  H** 
says  :  *'  It  may  i>e  stated  as  a  general  rule  that  houses  in  confinM, 
shaded  situations,  with  damp  courts  or  ganlens,  or  standing  water  cifiv 
to  them,  are  unhealthy  in  every  climate  and  season;  but  eHixrcialiy  in  » 
country  subject  to  intermittent  fevers,  and  during  summer  and  autumn. 
In  our  own  country  nothing  is  more  common  than  to  sec  houses  built  in 
very  unhealthy  situations,  a  few  hundred  yards  distant  only  from  a  gooj 
one.  Again,  houses  in  places  otherwise  unexceptionable,  are  often  » 
closely  overhung  with  trees  as  to  be  rendered  far  less  healthy  residence* 
than  they  otherwise  would  be.  Thick  and  lofty  trees  close  to  a  hous'* 
tend  to  maintain  the  air  in  a  state  of  humidity,  by  preventing  its  free  cir- 
culation and  by  obstructing  free  admission  of  the  sun*s  rays.  Trees 
growing  against  the  walls  of  houses,  and  shrubs  in  confined  places  near 
liweliings,  are  injurious  also,  as  favoring  humidity;  at  a  proper  distance, 
on  the  other  hand,  trees  are  favorable  to  health.  On  this  principle  it  may 
be  understood  how  the  inhabitants  of  one  house  suffer  from  rheumatism, 
headache,  dyspepsia,  ner\'ous  affections,  and  other  consequences  of  living 
in  a  conBned,  )iumtd  atmosphere,  while  their  nearest  neighbors,  whos^ 
houses  are  more  openly  situated,  enjoy  good  health ;  and  even  how  one 
side  of  a  large  building,  fully  exposed  to  the  sun  and  to  a  free  circula- 
tion of  air,  may  be  healthy,  while  the  other  side,  overlooking  damp,  shaded 
courts  or  gardens,  is  uiihi*althy.  The  exemption  of  the  central  pariso: 
a  largo  town  from  these  fevers  is  partly  explained  by  the  drvn.-s>  cf 
the  atrnosplieri!  which  prevails  there  and  the  comparative  equality  "f 
teiiipeniture.  Ilutnid,  contiiioil  situations,  subject  to  great  altematifin  of 
teniperature  hetwei'^ii  day  »nd  rii^lit,  are  the  most  dang»'*rous.  Of  all  tJif 
physical  cjualities  of  the  air,  huini'lity  is  the  most  injurious  to  human  lif>'; 
imd,  therefore,  in  selecting  situations  for  building,  particular  regard  shimiii 
be  had  to  the  eircumstancos  whieli  are  calculated  to  obviate  humidiiv. 
either  in  the  soil  or  atmosphere,  in  every  climate.  Drvness,  with  a  if*-v 
circulation  of  air,  and  a  full  exposure  to  the  sun,  are  the  material  tiiinjfi 
to  be  attended  to  in  choosing  a  residence." 

The  healthiness  of  a  site  may  He  greatly  improved: 

1.  ]iy  ihorouyli  surface  and  substnl  drainage. 

2.  Hy  free  access  of  air  und  siinliglit. 

.'J.   Hy  the  us4'  of  the  well-known  means   to   insure   perfect  drvnes-,  uf 
the  walls  and  basi-ment,  and  the  exclusion  of  the  ground-air. 


'  The  lurtiitfuceof  Climate,  etc.,  1830,  p.  l-W. 
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4.  By  the  rAguUlion  of  vog^etation;  that  is,  by  removing  or  planting 
ir«efl,  etc.,  according  to  circumstances  of  soil,  climate,  etc.,  etc. 

b.  By  preventing  the  pollution  of  the  aoil,  by  the  use  of  the  best  meanii 
for  carrying  off  the  surf  ace- water,  house-water,  and  all  house-offal  as 
rapidly  as  possible. 


SECTION  II. 


Pou-uTiox  or  THR  Son« 

Pur«  air,  pur«  water,  and  pure  nutritious  food  are  essential  to 
fae&lth.  Hardly  less  important  is  it  that  the  ground  should  be  secured 
against  every  source  of  contamination.  Air  and  water  are  more  or  less 
directly  influenced  by  the  soil,  and  if  the  latter  becomes  detiled,  the  former 
are  exposed  to  the  danger  of  pollution  from  this  source.  A  soil  favored 
by  nature  with  all  the  advantages  required  for  a  healthy  site  may  booonip 
so  impregnated  with  impurities  as  to  be  in  the  highest  degree  prejudicial 
to  health.  It  is  the  province  of  the  sanitarian  to  guard  against  these 
dangers,  by  pointing  out  the  means  of  tbeirf^cvention,  and  by  suggesting 
the  remedies  when  the  evils  havn  already  occurred. 

The  ways  in  which  a  soil  may  become  polluted  are  as  follows ; 

L  By  excreta. 

3.  By  interments. 

3.  By  coal-gas. 

4.  By  surface  dc61cment. 


I.  Pollution  of  thk  Son*  bt  Excreta, 


rOf  all  the  forms  of  soil  contamination,  that  by  excrcmental  matter  is 
the  most  frequent,  the  most  dangerous,  anrl,  in  practicn,  the  most  difficult 
to  prevent.  This  waste  matter,  discarded  by  the  human  economy  as  no 
longer  useful  for  its  purposes,  and  even  hurtful  to  its  vital  actions,  is  offen- 
sive and  repulsive  to  the  senses,  nature  Intiniiitiiig  thereby  that  its  removal 
and  trans furmatioit  should  be  prompt  and  effectual.  And  experience  hus 
demonstrated  clearly,  by  most  ample  and  positive  proof,  the  evil  conse- 
quences of  the  negl(!Ct  of  this  primitive  saiiativo  principle.  NeverilielesN, 
this  deleterious  refuse-matter  ia  frequently  suffered  to  remain  near  dwell- 
ings and  wells,  and  to  collect  in  cesspools  and  privies,  whence  it  passes  by 
leakage  or  soakagc  into  the  surrounding  soil,  polluting  the  very  founda- 
tions of  habitations,  and  the  air  which  is  drawn  up  into  their  apartments 
through  the  basement  floors.  It  trickles  into  the  neighboring  wt^lls  that 
furnish  the  water-supply,  and  la  exhaled  from  the  soil  in  the  fonii  of  gase- 
ous vapors.  The  same  effects  are  produced  by  faulty  drain-pijws  and 
faulty  sewera. 
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I)r.  Simon  '  has  described  this  common  and  dcplor«bI*»  neglect  in  xh^ 
following  terse  sentences  :  "There  are  houses,  there  are  groups  of  ho'jM\ 
there  are  whole  villages,  there  are  considerable  sections  of  towns,  then- 
arc  oven  entire  and  not  small  towns,  where  general  slovenliness  in  ererr- 
thing  which  relates  to  the  removal  of  refuse-matter,  slovenliness  which  It 
very  many  cases  amounts  to  utter  bestiality  of  neglect,  is  the  local  h*b:t; 
where,  within  or  just  outside  each  house,  or  in  spaces  common  to  minT 
houses,  lies  for  an  indefinite  time,  undergoing  fetid  decomposition,  mor? 
or  less  of  the  putnjfiahle  refuse  which  house-life,  and  some  sorts  of  tnrk- 
life,  prfxlucc:  excrement  of  man  and  brute,  and  garbage  of  all  sorts,  ind 
ponded  slop-watt'rs  ;  sometimes  lying  bare  on  the  common  surface  ;  some- 
times unintentionally  stored  out  of  sight  and  re-collection  in  drains  or  sev«r^ 
which  cannot  carry  them  away  ;  sometimes  held  in  receptacles  specialit 
provided  to  favor  accumulation,  as  privy-pits  and  other  cesspools  fom- 
crcment  and  slop-water,  and  so-called  dust-bins  receiving  kitchen-refu.«- 
and  other  filth.  And  with  this  state  of  things,  be  it  on  lai^  or  on  smai] 
scale,  two  chief  sorts  of  danger  to  life  arise  :  one,  that  volatile  effluri 
from  the  refuse  pollute  the  surrounding  air  and  everything  which  it  con- 
tains: the  other,  that  the  liquid  parts  of  the  refuse  pass  by  soaki^  or 
leakage  into  the  surmunding  soil,  to  mingle  there  of  course  In  whaterer 
water  the  soil  yields,  and  in  certain  cases  thus  to  occasion  the  dea<llieft 
}>ollution  of  wells  and  spri4|^.  To  a  really  immense  extent,  to  an  extent 
indeed  which  persons  unpractised  in  sanitary  inspection  could  scamlr 
find  themselves  able  to  imagine,  dangers  of  these  two  sorts  are  prevaiiing 
throughout  the  length  and  breadth  of  this  country,  not  only  \a  thfir 
slighter  degrees,  but  in  degrees  which  are  gross,  and  scandalous,  and  xen 
often,  1  repeat,  truly  bestial.  And  I  state  all  this  in  unequivocal  language, 
because  I  feel  that,  if  the  new  sanitary  organization  of  the  country  is  to 
fulfil  its  purpose,  the  administrators,  local  and  central,  must  begin  by 
fully  recdij^iiiziii^  tlic  re;il  state  of  th'-  case,  iintl  with  eonsciotisiiess  thit 
in  niJiiiy  itistain'es  they  will  linve  tr>  iiitrtKlm'e  for  the  first  tim>.',  as  int.' 
jjiiva^e  lift",  the  rudiiii'-tits  of  sanitary  eivilizatitm/' 

On*'  «if  the  rhaiiTiels  tlinnij^Ii  wliiuh  a  contaniinatfl  soil  exerts  an  in- 
jiirifnis  iiiMueiiiN'  upon  health,  is  the  water  of  wolis  iist-il  for  driiikiiit;  pur- 
poses*. <  'f^spiiols,  eointnori  privies,  or  faulty  drain-pipes,  in  cl()S»'  proxiiiiitv 
to  wells,  an-,  in  tliis  way,  a  fruitful  souree  f>f  niisrbief.  Pn-cautlons  miy 
he  taken  t<.)  Ii'ss'MI  tin*  risk  of  soaka^e  intet  wdls,  but  it  is  unsafe  to 
(lepiMul  upon  tlit'rn,  mid  iti  i-rnwded  lonalities,  where  the  soil  is  lialiSe  tn 
become  saturated,  i>rivv-wells  and  cesspnols,  and  other  reeeptaelcs  U't 
filth  of  the  accumulative  sort,  had  better  be  abaiifloncd  altogether. 

The  extent  to  which  the  soil  is  polluted  by  oxcrota  and  other  n-fu.-.'- 
matter,  in  the  rural  and  small  urban  districts  in  England,  and  the  <ian;;pr 

decontamination  of  driukin<r.water  from  this  source,  niav  be  leank-1 
the  report  *  of  the  River.s'  Pollution  Commissioners,  in  which  thfv 
lat,  estimating  the  town  population  of  Great  Britain  at  about  fifttvn 


i-DiBeasfis  and  their  Prevention,  Boston,  1876,  p.  33.  '  Sixth  Beport 
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milliona,  "the  remaining'  twelve  millions  of  country  population  dorivo 
their  water  almost  exclusively  from  shallow  wells,  and  these  are,  so  far  as 
our  experience  extend^i,  almost  always  horribly  polluted  by  sewage  and  by 
anitnat  matters  of  the  most  disgustinK-  origiiu  The  common  practice  in 
villages,  and  even  In  many  small  towns,  is  to  dis|H:ise  of  the  sewage  and 
to  provide  for  the  water-supply  of  each  cottage,  or  pair  uf  cottageB,  upon 
the  premises.  In  the  little  yard  or  garden  attached  to  each  tenement,  or 
pair  of  tenements,  two  holes  are  dug  in  the  porous  soil.  Into  one  of 
these,  usually  the  shallower  of  the  two,  all  the  filthy  liquids  of  the  houAO 
are  discharged;  from  the  other,  which  is  sunk  below  the  water-line  of 
the  porous  stratum,  the  water  for  drinking  and  other  domestic  uses  is 
pumped.  These  two  holes  are  not  unfrequenlly  within  twelve  feet  of 
each  other,  and  sometimes  even  closer.  The  contents  of  the  tilth-hole  or 
cesapool  gradually  soak  away  ttirough  the  surrounding  soil,  and  mingle 
with  the  water  below.  As  the  contents  of  the  wator-hole  or  well  are 
pumped  out,  they  are  immediately  replenished  from  the  surrounding  dis- 
gusting mixture,  and  it  is  not  therefore  very  surprising  to  be  assured  that 
such  a  well  does  not  become  dry  even  in  summer.  Unfortunately,  excre- 
mentitioua  liquids,  especially  after  they  hare  soaked  through  a  few  feet 
of  porous  soil,  do  not  impair  the  palatability  of  the  water;  and  this  pol- 
luted liquid  is  consumed  from  year  to  year  without  a  suspicion  of  its 
character,  until  the  cesspool  and  well  receive  infected  sewage,  and  then  an 
outbreak  of  epidemic  disease  compels  attention  to  the  polluted  water. 
Indeed,  our  acquaintance  with  a  very  large  proportion  of  this  class  of 
potable  waters  has  been  made  tn  consequence  of  the  occurrence  of  severe 
outbreaks  of  typhoid  fever  among  the  persons  using  them." 

This  picture  of  sanitary  neglect  is  hardly  leas  applicable  to  this  coun- 
try, for  although  here  it  would  be  considered  overdrawn,  and  properly  so, 
there  can  bo  no  doufot  that  it  represents  a  condition  that  too  commonly 
prevails  iii  many  rural  and  suburban  districts. 

A  filth-sodden  soil  exerts  a  pernicious  influence  upon  health  through  the 
medium  of  the  oflluvia  which  it  emits.  The  soil,  in  crowded  localities,  is 
always  more  or  less  polluted  by  the  oozings  from  cesspools  and  cesspits, 
and  by  leakage  from  badly  constructed  sewers  and  drain-pipes.  And  as 
the  air,  which  is  universally  present  in  the  ground,  partakes  of  the  char- 
acter of  the  impurities,  such  a  soil  must  o{  necessity  produce  a  foul  and 
pcatiferoos  air.  We  have  seen  that  the  graund*air  is  in  continual  inter* 
course  with  our  housps,  and  that  this  communication  is  especially  active 
when  the  temperature  inside  is  higher  than  that  of  the  external  air. 
Hence,  the  impurities  in  the  soil,  from  whatever  source,  poUuto  the 
ground-air,  and,  through  this  medium,  the  air  of  our  houses. 

The  pollution  of  the  soil  by  excromental  filth  is  of  special  importance 
in  its  relations  to  the  causation  of  certain  forms  of  disease  of  the  so-called 
zymotic  class,  such  as  enteric  fever,  cholera,  dysentery,  etc.,  by  reason  of 
the  liability  of  such  nuisances  to  convey  with  them  the  '*  specific  "  germs 
of  disease,  which  other  equally  offensive  organic  dccont  posit  ion  does  not 
seem  to  possess,  at  least  not  in  the  same  degree.     Dr.  Simon  says  :  "  The 
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experience  is,  not  only  that  privies  and  privy-draiamge,  with  their  respec- 
tive stinkings  and  soakings,  and  the  pollutions  of  air  and  water  which  are 
thus  produced,  have  in  innumerable  instances  been  the  apparent  causes  of 
outbreaks  of  enteric  (typhoid)  fever,  but,  further,  that  they  have  seemed 
capable  of  doing  this  mischief  in  a  doubly  distinctive  way  :  first,  ts 
though  by  some  aptitude  which  other  nuisances  of  organic  decomposition, 
though  perhaps  equally  offensive,  have  not  seemed  equally,  or  nearly 
equally,  to  possess;  and,  secondly,  as  though  this  specific  property,  so 
often  attaching  to  them  in  addition  to  their  common  septic  unwholesome- 
ness,  were  not,  even  in  them,  a  fixed  property.  The  explanation  of  this 
experience,  the  explanation  of  the  frequent  but  not  invariable  tendency 
of  privy  nuisances  to  infect  with  enteric  fever,  has  seemed  to  consist  ia 
the  liability  of  such  nuisances  to  cany  with  them,  not  invariably,  but  ai 
frequent  accidental  adjuncts,  the  *  specific  ^  conta^um  of  any  prevailing 
bowel  infection;  for,  presumably,  the  privies  of  a  population  receive,  with 
various  other  things,  the  diarrhoeal  discharges  of  the  sick;  and  it  bu 
long  been  matter  of  fair  pathological  presumption  that  in  any  speciSc 
diarrhoea  (such  as  eminently  is  enteric  fever),  every  dis<^arge  from  lfa« 
bowels  must  teem  with  the  contagium  of  the  disease."  After  referring  to 
the  similar  relation  of  other  diseases  to  excremental  infection,  he  remarks 
that  **  it  would  thus  seem  probable  that  air  and  water,  having  in  them  the 
taint  of  human  excrement,  must  often  carry  with  them,  whithersoever 
they  pass,  the  seeds  of  current  morbid  infections.'*  In  another  place  ve 
shall  refer  more  fully  to  the  diseases  supposed  to  be  caused  by  excremen- 
tal pollution  of  the  soil. 

The  chief  sources  of  excremental  pollution  of  the  soil  are  referable,  u 
has  already  been  intimated,  to  defects  of  public  sewerage,  to  defects  of 
huusc-drainage,  and  to  defects  of  privies,  under  the  latter  term  being  in- 
rlndecl  all  recejttacles  used  for  the  accumulation  of  excrement.  In  ihe 
iihsfMico  vf  a  systoiii  of  iindtTground  conduits  for  the  removal  of  excwaj 
s<nii<.'  one  of  tlio  inaiiy  plans  for  the  disjwsal  of  this  matter  upon  Tli*r 
Itrciiiisos  ifj  iidopted,  according  to  thn  caprice  or  convenience  of  the  jtrujh 
(•rty-(jwntT.  Iti  some  ])laccs  tho.se  tlepoaitories  are  subject  to  municij-a] 
regulation,  l.iu  even  then  tlic  chances  are  that  a  very  coiisiderRble-amuuri 
of  their  contents  finds  its  wav  into  the  surrounding  soil.  Where  st-wers 
exist,  on  acetunit  of  faults  in  construction,  and  by  being  tampered  with  Ijy 
unskilful  and  nnscrwpulous  jjjuinbers  in  making'  connections  with  prlviie 
drains,  the  liijuiil  i'orti<nis  of  their  contents  ooze  through  their  jN.rous 
walls,  and  tIiro\igh  cracks  and  joints,  and  cause  a  dangerous  degree  of 
[Kjlliition  of  the  soil  and  air. 

IIous*-<lraiMs,  as  a  source  of  ground  contamination,  are  even  mora 
dangerous  than  tlie  coiTitnon  sewers,  since  they  are  so  frequeiitlv  located 
iiinnediately  under  the  hcjuse,  where  the  influence  of  any  <IeficieiK'v  L^ 
nioie  direetlv  manifested.  IJv  unskilful  construction,  or  bv  suhsequfiit 
careless  usage  (.r  want  of  repair,  the  filth  is  elTused  into  the  basement, 
and  inliltrates  ilie  s<jil  on  wliich  the  house  stands.  Sewer  effluvia  likewise 
escape  inio  tin-  soil,  wliere  they  foul  the  air,  and,  from  the  situation  of  the 
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«inin-pip«8,  are  often  drawn  directly  into  the  hasement,  and  llicnnr  ilis- 
(rihiitetl  all  over  tho  buiklinf^  by  the  aaccnsional  foi-oe  of  tlic  iK-atwl  air. 

But  of  al!  the  soxiroea  of  *?xcrpmpntal  ]>ollution  of  the  soil,  none  pre- 
vails to  a  greater  extent,  is  more  dangerous  in  its  efferls  npoii  healtli, 
Hiid  more  discreditable  to  sanitary  management,  than  privies  of  the  accu- 
mulative sort.  And  here,  again,  defective  construction  and  subBCquent 
miRitianagement  are  the  rahon  <VCtfe  of  these  nuisances,  so  fraught  with 
lianger  to  health  and  life, 

Kvery  out-of-door  receptacle,  of  whatever  description,  should  embrace 
all  the  essential  features  to  prevent  contamination  of  the  8oil  and  air,  both 
in  the  place  itself,  and  during  the  process  nf  removal  of  its  contents.  It 
should  be  constructed  of  imabsorbent,  impf^rmealile  material,  sd  tliat  no 
form  of  matter  shall  escape  through  its  enclosures  ;  it  should  be  so  limited 
in  size  as  to  prevent  undue  accumulation  of  offensive  matter;  its  use 
should  be  restricted  exclusively  to  fluid  and  solid  excreta,  and  substances 
applied  for  their  ab^orlterit  and  disinfecting  quaiities;  ami  the  removal  of 
the  accumulations  should  he  conducted  with  regularity  and  system,  and 
with  the  least  conceivable  agltalii)N  of  the  inasx  uiid  exposure  to  the  atr, 
to  that  the  possibility  of  reusing  a  nuisance  in  this  part  of  the  manage- 
ment shall  be  reduced  to  a  minimum. 

Ill  practice  these  conditions  are  frequently  set  at  nanglit.  In  the 
country  it  is  not  uncommon  to  find  no  receptacle  whatever,  the  f.TC&l 
matter  and  urine  being  deposited  on  the  surface  of  the  ground.  Tlie 
liquid  parts  are  thus  washed  over  the  surface  and  souk  into  the  ground, 
while  the  solid  filth  is  only  removed  when  its  mere  bulk  bf  comes  an  incon- 
venience, or  when  there  arises  an  agricultural  demand  for  the  material.  A 
simple  hole  in  the  ground,  with  perhaps  a  brace  to  keep  in  place  the  walls 
of  earth,  is  the  kind  of  receptacle  quite  i>ften  used  in  villages  and  towns, 
and.  tu  some  extent,  even  in  large  cities.  We  ourselves  have  seen,  in  a 
prominent  city,  cesspits  which  were  formed  by  excavating  the  earth  so  as 
to  receive  one  or  more  sugar  hogsheads,  which  served  as  the  walls  of  tho 
pit.  The  bare  earth  at  the  bottom  received  the  filth,  and  designedly  so, 
that  the  liquid  parts  might  the  more  freely  soak  away  into  the  soil.  On 
one  occasion  when  the  ground  was  being  excavated  for  building  improve- 
ments, several  of  these  filtli  lioles  were  exposed  to  view,  and  the  soil  in 
their  vicinity  and  close  to  dwellings  revealed  a  condition  of  the  most  dis- 
gusting character.  The  liquid  matter  oozing  frmn  tlit^»i'  pits  bad  satu- 
rated and  discolored  the  surrounding  soil,  and  rendered  it  highly  offensive. 
To  what  extent  the  health  of  the  occupants  of  the  nvigliburing  houses  had 
t>ecn  impaired  is  not  knowti,  but  the  presumption  is  that  it  must  have 
been  anything  but  satisfactory. 

In  cities,  wells  are  very  commonly  constructetl  of  brickwork  or  masonry, 
with  no  other  floor  than  the  bare  ground.  They  are  sometimes  excavated 
to  a  great  depth,  in  order  to  reach  a  porous  bed,  such  as  gravel,  the 
object  being  to  secure  a  channel  of  escape  for  the  fluid  tilth.  The  capa- 
city of  some  of  these  wells  is  simply  enormous.  We  hav**  good  authority 
for  (he  statement  that  as  much  as  1,.332  cubic  feet  of  matter  have  been 
Vol.  1.^20 
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removed  from  a  well  «t  one  cle&ning.'  It  is  not  intended  that  the  filth 
should  be  removed,  except  at  very  wide  intervals  and  then  only  on  ac- 
count of  some  inconvenience  or  threatened  overflow.  When  sj>ace  it 
limited,  privy-pits  are  often  constructed  close  to  foundation  walls;  thev 
arc  even  built  under  the  basement  floor,  and  in  vaults  under  pavements, 
which  are  in  open  connection  with  the  dwelling. 

In  all  cities  and  towns,  but  especially  in  places  where  no  sewers  exist, 
or  where  they  have  only  recently  been  constructed,  the  evil  effocis  of  thi* 
system,  or  rather  want  of  system,  can  hardly  be  ima^ned,  except  by  tfaoae 
who  have  made  it  an  object  of  special  investigation;  and  the  contamina- 
tion of  soil,  air,  and  water  which  it  occasions,  if  it  could  be  clearly  traced 
in  its  influences  upon  the  human  oi^nism,  would  be  found  to  be  the 
means  of  spreading  some  of  the  most  common  and  most  fatal  forms  of 
disease. 

Such  are  the  principal  ways  in  which  the  soil  becomes  polluted  from 
badly  devised  or  mismanaged  systems  for  the  disposal  of  excreta. 

Removal  of  Excreta. 

To  secure  the  best  sanitary  results,  it  is  essential  chat  the  aoKd  and 
liquid  excreta  from  the  bowels  and  the  kidneys  should  be  removed  aj 
rapidly  and  completely  as  possible,  and,  when  the  arrangements  for  a 
continuous  and  rapid  outflow  are  unprovided,  safety  requires  that  tho 
temporary  detention  of  the  material  shall  be  so  guarded  that  the  danger 
of  polluting  the  soil,  air,  and  water  shall,  as  far  as  possible,  be  prevented. 
In  rural  districts  and  in  villages  the  proper  disposal  of  excreta  need  not 
boa  matter  of  serious  embarrassment:  but  where  dwellings  are  aggregated 
and  the  ]K>|)ulBtion  is  massed  on  comparatively  small  areas^  the  local  man- 
agement and  ultimate  disposition  made  of  the  material  becomes  an  excood- 
tngly  difficult  question  to  dctennine.  The  removal  of  the  tilth  out  of  the 
immtMiiatc  neigliborhood  of  human  habitations  with  completeness  and 
dispatch,  is,  undoubtedly,  a  primary  consideration,  but  tt  is  also  important 
that  its  final  disposition  should  be  so  managed  as  not  to  cause  a  nutsance. 
This  latter  consideration  is  of  great  moment  wherever  a  system  of  seweragi^ 
exists).  Sewer-outfalls  should  be  prevented  from  bccnming  a  nuisance, 
and  watercourses  nnist  be  carefully  protected  from  pollution.  This  may 
iovoLve,  as  its  consequence,  the  adoption  of  some  one  of  the  methods  for 
the  purification  of  the  sewage,  either  by  irrigation  or  filtration,  or,  where 
laud  cannot  be  obtained,  by  precipitation  with  chemical  agents. 

7!^c  Amou7ti  and  I^dticte  of  Excreta. 

The  amounts  of  solid  and  liquid  excreta  vary  with  the  age,  sex,  habhs 
of  life,  etc. ;  but,  according  to  Parkes,  the  average  amounts  (for  both  aexea 

*  The  capacities  of  aomn  of  the  privy-wells  in  Philftdelphia,  b/  ootnal  mr— iimiaMaa. 
araMfollowB:  l,7!<.'i.  1,H:)0,  1.34.),  1.U40,  cubic  feet.  (Tbackrnjr. )  Tb«  oaMpool  of  Ifc* 
Sommit  Houm  U.  S.  Iloflpital,  avar  Dorbj,  in  oae  daring  the  war,  had  a  oapaolty  of 
ft.000  cnbdc  foet.  ^ Andreas.) 
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and  all  ages)  are  about  two  and  a  half  ounces  avoirdupois  of  solids  aud 
forty  fluid  oiincfts  dail)^  for  each  person.  Ac-cording'  tu  this  estimate,  a 
population  of  one  thousand  persons  would  pass  in  a  ^'ear  25  tons  of  solid 
fa!ces  and  91,250  gallons  of  urine.  Letheby  has  constructed  a  tabic,  based 
upon  the  investijjations  of  M'ay,  I^awea,  and  Playfair,  of  England,  and  of 
Liebig,  Simon,  Wolf,  Lehmanii,  Fleitniaiin,  and  others  on  the  continent, 
which  represents  not  only  the  average  proportion  of  solids  and  liquids 
<li8charged  from  the  body  daily,  but  also  the  proportions  of  the  principal 
constituents  of  the  fn^ces  and  urine  passed  by  children  and  adults  in  the 
twenty'four  hoars, 

AVERAGE  WEIGHT,  IN  AVOIRDUPOIS  OCNCES.  OF  THE  OHISF  CONSTIT- 
UENTS OF  URINE  AND  F/ECES  PASSED  BY  CHILDREN  AND  ADULTS 
IN  TWENTY-FOUR  HOURS.' 


Males. 

Femalbi. 

Average  at 
allagea. 

Chibf  OoKRrroKirrs. 

Boy*. 

Hml. 

Girls 

Women. 

Uriite. 

19.875 
0.969 
0.677 
0.166 
0.292 
0,035 
0.040 

48.490 
2.197 
1.720 
0.481 
0.477 
0.069 
0.078 

16.^81 

0.750 
0.574 
0.161 
0.176 
0.024 
0.027 

42.157 
1.588 
1.216 
0.328 
0,372 
0.049 
0.055 

31.851 

Orffartie  matters. . . . 

1.376 
1.072- 
0.284 

MintrfU  matters. . . . 
Potash 

0.332 
0.044 
0.050 

FwSCBS, 

3.421 

5.240 
1.112 
0.939 
0.062 
0.173 
0.062 
0.023 

1.061 
0.282 
0.244 
0.016 
0.038 
0.013 
0.004 

1.414 
0.376 
0.335 
0.022 
0.051 
0.018 
0.006 

2.784 

Orffmiic  maUera. . , , 

Mineral  moutere .... 
Phosphoric  acid. .... 
Potash 

0.879 
0.763 
0.049 
0.U7 
0.039 
0.014 

0.663 
0.567 
0.037 
0.095 
0.033 
0.012 

The  above  estimate  of  the  solid  and  liquid  matters  differs  somewhat 
from  those  made  by  Parkes  and  Frankland,  the  latter  placing  the  average 
daily  amount  of  faeces  per  person  at  three  ounces,  and  of  urine  at  nearly 
forty  fluid  ounces.  Letheby'  has  estimated  the  amounts  contributed 
daily  by  a  mixed  population  of  10,000  persons  to  be  22,659.6  lbs.  of  urine 
ami  1,775.5  lbs.  of  fjcccs.  From  the  table  presented  above,  sotnu  idea 
may  be  formed  of  the  relative  agricidtural  value  of  the  urine  and  faeces. 


■  Iiethflfa7 :  The  Sewage  Question,  1872,  p.  182. 
*0p.  citsL,  p.  133. 
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•  Numerous  aitatvscs'  bave  determined  it  to  be  in  the  |ir(iportion  ol  S 
tol. 

Mixed  cxcrcmentitious  matter,  in  a  fresh  state,  has  an  aeid  reaction; 
but  in  twenty>four  hours  it  generally  l>econie8  alkaline  by  the  formation 
of  arainouia.  Both  urine  and  ttecn\  matter^  when  kept  separate,  undergo 
deconipositiun  less  rapidly  and  retain  tlitfir  acidity  for  a  greater  length  of 
time  than  when  mixotL  Bv  the  decomposition  of  these  substances  in  tbs 
mixed  state,  ammonia  and  fetid  organic  matters  are  freely  evolved.  If 
water  be  present,  and  provided  the  temi>erature  of  the  air  is  not  too  low, 
nut  only  organic  matters,  but  gases,  are  given  off,  ronsisling  of  light  car- 
burctted  hydrogen,  nitrogen,  and  carbonic  acid,  ^^ulphuretted  hydrogen, 
usually  in  combination  with  ammonia,  is  almost  always  found  in  the  liquid, 
and  may  be  st^parated  by  the  application  of  heat.     (Parkes.) 

The  air  of  sewers,  house-drains,  cesspools,  and  privy-vaults  is  always 
more  or  less  impure  on  account  of  the  decomposition  of  the  waBt«  mattetm 
which  they  contain.  It  is  infiuonoed  in  its  composition,  to  some  extent, 
by  the  degree  of  ventilation  and  the  amount  and  character  of  substaiicesi 
Viesides  excrement,  present  in  the  sewer  or  receptacle  of  fihh;  but,  in  gen- 
eral, it  contains  certain  well-known  gases,  and  aUo  fetid  nrgaiiie  matters, 
the  nature  of  which,  however,  bas  not  been  detennineiL  These  gaaeaara 
dangerous  to  health  in  proportion  to  the  degree  of  concentration.  If  in- 
haled in  large  quantity  and  in  concentrated  form,  they  may  prove  quickly 
fataL  A  number  of  cases  are  on  record  wht^re  im^n  havt>  V>ivalhed  tJie  air 
of  unventilated  old  cesspools,  or  long-blookcd  sewers,  witli  serious  and 
sometimes  fatal  consequences.  But  in  a  diluted  state  these  gases  mani- 
fest their  effects  upon  the  system  by  a  condition  of  general  malaiMf  and 
a  depressed  state  of  the  health.  The  gaseous  products  of  organic  do- 
compoeition  arc  less  important  than  the  organic  matters  of  which  sewtir- 
air  te  partly  composed,  since  those  latter  substances  are  suppo«ed  to  b* 
more  specially  concerned  in  the  propagation  of  disease. 

The  air  of  cesspools  and  privy-vault.s  is  not  uniform  in  its  chaimotcr, 
but  it  usually  contains,  in  variable  quantitiejn,  sulpliunfttcd  hydrogen, 
ammonium  sulphide,  nitrogen,  carbonic  acid,  carburettcd  hydrogen,  and 
fetid  organic  matters.  There  may  also  be  present  those  unknown  agencaas 
which  produce  typhoid  fever,  cholera,  dysentery,  and  diarrhoea,  and  per- 
haps other  diseanes  of  the  so-called  xymottc  class.' 

The  air  of  sewers  varies  in  oompusitiou  according  to  the  character  of 
the  sewage,  the  rapidity  of  flow,  temperature,  aooesn  of  atmospheric  air, 
etc.  Sewage  is  a  complex  liquid  formed  of  srlid  and  liquid  excreta, 
house-slojis,  fluid  refuse  from  the  different  branches  of  industry,  and  the 
washings  and  debris  i^f  the  public  thoroughfares,  etc.  This  hitterogetwoua 
mixture  contains  ingreilients  which  are  always  present  in  greater  or  lea 
quantity,  and  those  determine  the  characteristic  properties  of  sewer-air. 
il^ewei^air  may  be  so  diluted  by  atmospheric  air  as  to  make  it  impoasibl* 


>  Wtlwm  r  Handbook  of  Hy^^tu^  IBH.  p   31& 
'farkes:  0;j.  ciiat.,  p.  1U9. 
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to  detect,  even  by  chemical  analysis,  any  hut  the  slightest  variation  from 
the  nonnal  condition  of  the  atmosphere.  Kvnti  in  ill-\-f»ntilat(Mi  and  badly 
constructed  sewers  the  amount  of  variation  from  nuruiat  air  is  not  grcat» 
4c  may  be  seen  by  reference  to  tJie  table  presented  on  the  next  page. 

The  products  of  the  decomposition  of  sowage  do  not  differ  matorially 
from  the  producta  of  decomposition  of  tho  matter  found  in  cesspools.  As 
compared  with  atmospheric  air,  there  is  a  diminution  in  the  amount  of 
oxygen  and  an  increase  of  carbonic  acid  in  sewer-air.  The  other  oonstitu- 
«nt.s  are  nitrogen,  sulphuretted  hydrogen,  ammonium  sulphide,  niarsh-gaa 
^ight  carburetted  hydrogen),  and  fetid  organic  matters.  All  of  these 
gases  are  not  invariably  present;  carbonic  acid  and  nitrogen  are  the  most 
common;  the  other  gases,  when  present,  exist  in  very  limited  quantities. 

Dr.  Lotheby*  found  that  sewer-water  (containing  128.8  grains  of  or- 
ganic matter  per  gallon),  excluded  from  air,  yielded  during  nine  weeks 
1.2  cubic  inches  of  gas  per  hour.  In  100  volume's  of  this  mixture  there 
were  73.83  volumes  of  marsti-gas,  loA'O  of  carbonic  acid,  10.11*  of  nitrogen, 
and  0.08  of  sulphuretted  hydrogen.  Angus  Smith*  examined  the  gasws 
evolved  from  putrid  sewage  at  the  bottom  of  the  MedkK-k,  England,  and 
found  them  to  contain  aliout  88,81  per  cent,  of  marsh-gas,  o.S-l  of  car- 
bonic acid,  aiul  5.35  of  nitrogen.  The  results  of  an  examination  of  gases 
evolvetl  by  decomposing  sewuge-mud  in  the  Seine,  made  by  Durand- 
Claye,*  show  them  to  consist  of  7*i.88  per  cent,  of  marsh'gas,  13.30  of 
carbonic  acid,  C.70  of  sulphuretted  hydrogen,  2.54  of  carbonic  oxide,  and 
4.58  of  nitrogen  and  other  gases.  The  figures  represent  the  proportions 
of  each  gas  in  100  volumes  of  the  mixture  collected  without  exposure  to 
the  air.  Mixtures  similar  to  these  arc  sometimes  found  in  long  closed 
cesspools  and  privy  vaults,  but  never  in  sewers  properly  so-called.* 

Prof.  Nichols'  has  recently  made  numerous  examinations  of  the  air  of 
llie  Berkeley  Street  sewer,  Boston,  which  is  an  example  of  the  worst  type 
of  construction.  The  amount  of  sulphuretted  hydrogen,  and  other  for- 
eign gases,  was  too  small  to  be  practically  determin»xl,  and  therefore  car- 
bonic acid  was  taken  as  the  measure  of  impurity.  In  iwenty-five  analyses 
the  highest  amount  of  oxygen  in  any  one  sample  was  20.90  per  cent.,  and 
the  lowest  20.48  per  cent.;  the  highest  amount  of  nitrogen  was  70.26,  and 
the  lowest  78.89;  the  highest  amount  of  carbonic  acid  was  .40  percent., 
and  the  lowest  ,0.5  per  cent.  The  amount  of  carbonic  acid  was  greater  in 
the  warmer  than  in  the  cooler  months.* 

The  results  of  a  number  of  analyses  of  sewer-air  made  by  different 
chemists,  which  have  been  tabidated  by  Prof.  Nichols,'  are  furnished  on 
the  next  page. 

■  Patkea:  Pzaotioal  H/gteno,  p.  106. 

'  DiaiDfectaatB  and  DislnfeoCioD,  Edinburgh.  186D,  p.  3S. 

*  Mcbols:  S«wer-Air,  Boston,  1879,  p.  0. 
-■  Xiobola:  Op.  dt.,  p.  6. 

■  Op.  oit.,  p.  11. 

•  Normal  atr  oontAins  about  20.96  per  cent,  of  ozjg^D,  79  per  otnt  of  oitrogen, 
and  .04  |H>r  cent,  of  carbooie  acid. 

'Op.  oit,  p.  10. 
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From  &U  these  examinations  it  appears  that  the  air*  of  sewers  is  a 
varying  mixture  of  the  gases  which  compose  the  atmosphere,  together 
with  certain  other  gases  produced  by  the  decomposition  of  sewage- matter, 
which  altiO  vary  in  quantity.  But  these  examinations  furnish  us  with  no 
data  respecting  the  organic  constituents — the  carbo-animoniacal  vapors 
(Odling)  and  fetid  organic  matter*— the  rnosl  subtle  and  presumably  the 
most  dangerous  elements  of  sewer-air.  That  these  matters  are  present  is 
apparent  from  ttio  peculiar  fetid  smell,  and  sometimes  they  are  found  in 
large  quantity:  b,(XH}  cubic  feet  of  the  air  of  a  house  into  which  sewer-air 
had  been  admitted  decolorizeil  more  than  twenty  times  as  much  potassium 
permanganate  as  the  same  quantity  of  pure  air.'     (Angus  Smith.) 

Frankland '  has  shown  by  experiments  that  liquid  or  solid  particles 
are  not  likely  to  be  dispersed  into  the  air  from  sewage-matter  by  the  or- 
dinary agitation  of  tlie  sewage.  This  do^-M  not  take  place,  as  a  rule,  until 
after  the  setting  in  of  decomposition;  the  bursting  of  the  bubbles  on  the 
surface  of  the  liquid  scattering  the  minutely  divided  particles  into  the  air. 
These  minute  solid  particles  and  organic  vapors  are  but  slightly  diffus- 
able,  and  are  therefore  transjKirted  to  no  great  distance,  but  soon  dep'wit 
on  solid  objects.  He  draws  the  following  conclusions  from  his  exiwri- 
nients: 

**  1.  The  moderate  agitation  of  a  liquid  does  not  cause  the  suspension  of 
liquid  particlejt  capable  of  transport  by  the  circumambient  air,  and  there- 
fore the  Bow  of  fresh  sewage  througli  a  properly  constructed  sewer  is  not 
likely  to  be  attended  by  the  suspension  of  zymotic  matters  in  the  air  of 
the  sewer. 

"  2.  The  breaking  of  minute  gas-hubhles  on  the  surface  of  a  liquid  con- 
sequent upon  the  generation  of  gas  withtn  thf  l>ody  of  tfie  liquid  is  a 
potent  cause  of  the  suspension  of  transportable  li<juid  particles  in  the  sur- 
rounding air,  and  therefore  when,  through  the  stagnation  of  sewage  or 
constructive  defects  which  allow  of  the  retention  of  excrementitious  mat- 
ters for  several  days  in  the  sewer,  putrefaction  sets  in  and  causes  the 
generation  of  gase^,  the  suspension  of  zymotic  matters  in  the  air  of  the 
sewer  is  extremely  likely  to  occur. 

"3.  It  is  therefore  of  the  greatest  importance  to  the  health  of  towns, 
villages,  and  even  isolated  houses,  that  foul  liquids  should  pass  freely  and 
quickly  through  sewers  and  drain-pipes,  so  as  to  secure  their  discharge 
from  the  sewerage  system  before  putrefaction  sets  in." 

The  effluvia  of  sewers  are  favorable  to  the  growth  of  fungi.  In  a  sewer 
which  had  been  closed  for  thirty  years  as  completely  as  such  places  can 
be,    KUice-Clark*    found    the  walls    covered  with  a    fungoid    growth  of 


*  Sewer-air  and  "  sewu-gaa  **  are  sTnonTmoaB  terms,  tbot^b  bj  tlie  yse  of  the  lat- 
trr  turin  pcnonn  arc  tiftt-'o  misled  into  the  erroncuu^  belief  thai  "  Kewti-gaK  "  in  a 
(listiDObgaaeotu  txidy.  having  pecuHar  and  marked  charaouirittics  of  its  own,  by  wbictl 
it  can  always  h»  diKtinjfn'shed  from  otbi^r  f{iif>eot)i>  bodi«R. 

'Parkei:  Op.  cit..  \>.  \m 

»  Proceedings  of  the  RtiyaJ  Society,  1(JT7. 

*  Tbe  Saoitary  Record,  Vol.  IX  .  p.  99. 


436 


son,   AWD   'WATRR. 


ooDsidcrablc  thickness.     Cunningham  found  iMotcria  in  the  air  of  ftewcrs 
at  Caicutta. 

There  is  good  rcftson  for  supposing  that  the  morbifio  agencies  whirli 
produce  enteric  fever,  cholera,  dlarrhosa,  and  dysentery,  niay  exist  in  the 
air  of  sowers.  It  is  possible  that  other  diseases  of  the  zj'motio  elau  ma<' 
also  be  caused  in  this  way.  The  nature  and  composition  of  thcie  aub- 
atanccs  arc  purely  a  matter  of  speculation.  Neither  chemical  nor  micro- 
scopical examination  has  as  yet  succeeded  in  isolating  and  determining 
the  noxious  matter  which  is  probably  the  real  cause  of  disease,  and  there- 
fore it  is  impossible  to  say  whether  a  particular  sample  of  air  is  dangerous 
or  not  from  this  cause.  Nevertholoss  it  must  be  admitted  that,  in  pro- 
portion MS  the  air  of  drains  and  sewers  varies  from  the  normal  standard  of 
the  atmo8pherc,  the  activity  of  the  processes  of  decay  of  matter  in  the 
sewers,  or  the  concentration  of  the  products  of  such  decay,  will  be  mani- 
fested, and  the  necessity  of  efficient  vcntilatior)  indicated,  lu  this  way 
chemistry  may  be  of  service  in  pointing  out  the  existence  of  enU  and 
in  testing  the  efficiency  of  ventilation. 

Methods  of  Hemovai  &/  JSwTf/flr. 

That  all  excreta  ought  to  be  promptly  removed  from  the  neighborhood 
of  our  dwoUiags  is  admitted,  but  with  respect  to  the  methods  for  acoom- 
plishing  thb  object  there  is  a  diversity  of  opinion.  It  is  evident  that  no 
one  system  can  be  suitable  for  all  places,  and  that  local  consideration* 
will  necessarily  influence  the  selection  of  the  plan.  The  various  plana  for 
the  removal  of  excreta  may  be  conveniently  discussed  under  the  follow- 
ing heads : 

1.  The  water  system. 

2.  The  dry  systems. 
Mouio^s  earth-closet  system. 
The  Goux  system. 
The  ush-closct  system. 

8.  Other  systems. 

Privy -vaults  and  cesspits. 
The  simple  pail  system. 
The  simple  pneumatic  system. 
The  Liemur  pneumtttic  system. 


1.   TTtt  War«r  St/xt«m. 

The  system  of  removal  of  excreta  by  water-carriage  and  gravitation 
through  underground  conduits,  is  undoubtedly  the  best  for  health  and  econ- 
omy, but  its  successful  application  depends  upon  certain  euential  condi- 
tions, to  which  we  shall  presently  allude.  It  recommends  itself  on  acmunt 
of  its  cleanliness,  oonveniencc,  economy,  and  the  quick  manner  in  which  thr 
removal  of  the  waste  matters  is  (>ffected.  \Vhen  the  essentia!  eonditiou* 
on  which  the  success  of  this  plan  depend)  can  be  i-nminnndyd,  it  is  un 
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doubtcdly  tlio  most  reasonable  plan  to  adopt.  Local  circumstances  must 
always  decitle  between  tins  system  and  the  <lry  plan.  In  towns  where 
proper  sewers  oannot  be  made,  i>r  where  water  for  flnsbin^  is  deficient^ 
or  land  cannot  be  obtained  Cor  tbe  purltioation  of  tlie  »<'wa}^e,  some  ono 
of  the  dry  systems  can  be  adopted  with  manifold  advantages. 

In  the  application  of  the  water  system,  advantage  may  be  taken  of  thn 
water  supplied  for  'inUiiiirv  dunie^tic  piirpoBes,  h«>  that  but  Hti^ht  addi- 
tional expense  will  be  incurred  for  the  amount  needed  for  the  closets;  and, 
moreover,  since  ohnnnela  must  ncoeasarily  be  provided  to  conduct  away 
all  surface-water  and  watt^r  used  for  domestic  purposes,  it  is  evident 
that,  with  but  slight  McMitioiial  exjtenditure,  these  same  channels  may  b^.* 
so  conAructed  as  to  be  eflicieiit  vehicles  for  the  removal  of  excreta  also. 
To  make  this  system  a  success,  certain  con<litions  must  be  scrupulously 
observed.     They  are  summed  up  by  Mr.  Simon  '  as  follows : 

"  Ist,  That  the  closets  will  universally  receive  an  unfailing  suflioienoy 
of  water  properly  supplied  to  them. 

"3d.  That  the  comparatively  large  volume  of  sewage  which  the  sys- 
tem produces  can  be  in  all  respects  satisfactorily  diajioscd  of. 

•'  3d.  That  on  all  premises  which  thn  system  brings  into  connection 
wiih  the  common  sewers,  the  construction  and  keeping  of  the  closets  and 
other  drainaju:e  relations  will  be  subject  to  skilled  direction  and  control.'* 
And  we  may  add: 

4th.  That  the  sewers  will  be  properly  constructed  and  well  ventilated, 
and  kept  under  efficient  supervision  and  control. 

If  all  these  provisions  be  combineit  and  properly  earned  out^  there  can 
be  no  doubt  of  the  snc<tesH  of  tlip  system. 

It  is  not  surprising  that  discredit  is  r>ast  upon  this  system,  when  local 
outbreaks  of  typhoid  fever  and  other  diHca-ses  have  been  clearly  traced  to 
sewers  as  their  source.  But  it  is  fallacious  to  condemn  a  syi^t^ru  because 
of  the  evil  effects  of  an  ilUdcrised,  badly  executed,  and  carelessly  man* 

^1  plan,  supposed  lo  exemplify  the  principles  of  such  a  system,  but 
thich  fails  to  embody  some  of  the  most  essential  conditions  of  succesa. 
Saeh,  however,  is  often  the  case.  Tt  must  be  admitted  that  sewers,  as 
frequently  constructed,  are  a  source  of  dsnger  to  fiealth.  When  built  of 
improper  materials,  put  together  in  an  unskilful  manner,  they  favor  the 
Mcapc  of  their  fluid  contents,  and  thus  conlaminate  the  ground  and  poi- 
son the  water-siip]>ly.  In  some  soils  the  pressure  of  the  ground-water 
tnay  be-so  great  as  to  cause  an  influx  into  the  sewers;  but  it  is  dangerous 
to  trust  to  this  fortuitous  circumstance.  It  \s,  more  commonly  the  cast^ 
that  the  pressure  is  exerted  in  an  outward  direction,  sim-i-.  when  sowers 
are  faulty  in  construction,  they  are  liable  to  become  clinked  up  by  de- 
posits, and  the  sewage,  being  dauuned  up  Ijehiod  the  obstructions,  exerts 
this  effect.  When  improper  materials  are  used  and  the  workmanship  is 
tiiid,  and  the  proper  inclination  is  not  secured,  the  stream  of  sewage  is 
retarded,  and  the  aewors,  instead  of  acting  as  channels  for  the  rapid 


*  Op.  dt,  p.  09. 
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passAt^e  of  the  liquid  filth,  are  converted  into  aewera  of  depoftit,  or  "elon* 
gated  cesspools,"  as  they  have  been  aptly  railed.  Scwaiyje-inaiter  dfuined 
in  this  mauuer  gives  rise  to  the  most  dattgeruus  form  of  "*ewei-g»»;" 
and  if  to  these  deficiencies  be  added  the  want  of  veniilaiiun,  and  open  or 
but  slig^htly  barred  channels  of  commuuication  with  huU5cs,  all  the  cundi> 
tion£  arc  present  which  favor  general  ill-health  of  the  occupants  of  sucL 
houses,  and  which  may,  at  any  time,  occasion  an  outbreak  of  disease. 

Baldwin  Latham '  tells  us  that  the  early  sewer- works  of  England  we 
generally  put  into  the  hands  of  the  most  unskilful  workmen,  and  little  or 
no  attQution  was  paid  to  their  proper  construction.  It  was  taken  for 
granted  thai  the  »ewers  must  sooner  or  later  choke  up  from  the  accumu* 
lation  of  deposit,  and  therefore  they  were  made  uf  a  size  conveut^ut  for 
the  purpose  of  sending  men  into  them  to  cleanse  them  when  they  became 
obstructed.  The  principles  upon  which  sewers  are  now  made  to  be  self* 
cleansing  do  not  a[)pear  to  liave  l>een  well  understood,  at  least  they  w»*re 
not  applied.  The  great  fault  of  these  structures  arose  fmm  the  fact  that 
the  size,  form,  mode  of  constniGtion,  and  materials  usetl  were  not  suitable 
for. the  work  the  cowers  had  to  perform.  Bad  ventilation  and  deffwlire 
house  arrangements  were  also  prominent  and  serious  faults  of  the  syaiem 
as  then  applied.  The  serious  (ronscijuences  arising  from  this  disrcgmrd  of 
the  most  essential  measures  aroused  public  attention,  and  started  scientific 
inquiry  into  the  principles  which  should  regulate  the  construclion  and 
management  of  sewers  and  drains. 

It  lias  been  the  misfortune  nf  this  country  to  have  had  the  same 
ixperience.  The  adoption  of  the  water-carriago  system  of  removal  uf 
rxcreta  le<l  to  the  use  of  sewers  already  in  service  for  the  removal  of  sur- 
face-water and  house>watcr,  with  scarcely  any  or  no  modification  at  all. 
which  were  totally  unfit  to  perform  the  work.  But  new  works  have  bet'ii 
built  in  a  similarly  defective  maimer.  So  far  as  inquiry  has  been  mado, 
the  system  of  sewerage  provided  in  most  American  cities  must  he  regarded 
as  anything  but  satisfactory.  The  control  of  this  import&nt  branch  of  pub- 
lic works  is  too  often  in  the  hands  of  officials  unqualifitKl  by  proffssionaJ 
knowledge  and  experience,  and  gros-ily  ignorant  of  the  sanitary  advan- 
tages to  be  secured.  The  managenient  of  the  construction  of  sewers  is 
frequently  entrusted  to  incompetent  and  unskilled  engineers  and  to  un* 
faithful  and  careless  inspectors;  and  from  this  cause  even  well-desigaed 
works  will  prove  abortive. 

A  complete,  systematic,  and  comprehensive  plan  of  sewerage,  which 
shall  not  only  supply  the  immediate  wants  of  a  town,  but  also  provide 
for  all  probable  future  demands,  so  that  as  each  part  is  added  it  shall 
be  iu  bannoiiy  with  the  cntirr  system,  is  always  an  indispensalilt*  pre- 
liminary measure  to  the  satisfactory  execution  and  successful  operatioo 
of  sewerage-works.  This  ts  especially  im)>ortant  in  this  country,  where 
towns  grow  with  great  rapidity.  But  it  is  a  principle  that  lias  generallv 
been  ignored.     It  is  a  very  common  custom  to  do  the  work  piecemeal — a 
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section  here  and  a  section  there — according  to  the  dictation  of  property- 
owners.  In  Philadelphia,  before  constructing  a  braiicli-sewer;,  the  consent 
uf  a  majority  of  the  owners  of  property  fronting  on  the  street  intended  to 
foe  culverted  must  Hrst  be  obtainetl,  and  the  cost  of  the  wurk  is  assessed 
on  all  the  property- holders  of  such  street.  The  evil  consequences  of  this 
patchwork  plan  may  well  be  imagined.  Most  of  our  large  cities  have  very 
bad  systems  of  sewerage.  "  It  is  probably  true,"  says  Waring,  "^  that  no 
dty  of  ita  age  can  rival  New  York  in  the  defective  condition  of  its  brick 
sewers.  They  are  loo  often  badly  planned,  badly  built,  and  badly  kept ; 
and  they  unquestionably  produce  a  vast  amount  of  dise4i!ie  and  deatfi.*' 
Philadelphia'  has  nearlv  two  hundred  miles  of  public  sewers,  built  almost 
exclusively  of  brick.  Most  of  them  are  constructed  in  a  faulty  manner, 
and  without  confoririity  to  a  prdper  system.  In  size  they  vary  from  three 
feet  lo  twenty  feet  in  diameter,  the  enormous  capacity  of  the  sewer  with 
the  latter  diameter  providing  for  the  waters  of  Mill  Creek,  which  fre- 
quently become  greatly  swollen  by  rains.  No  system  of  ventilation  has 
ever  been  attempted.  Most  of  ihe  man-holes  arc  sealed  with  iron  covers, 
and  the  sewer  inlets  arc  all  intended  to  be  closed  by  water-seals.  If  wc 
inquire  into  the  condition  of  the  pipes  connecting  houses  with  the  aewer, 
most  of  them  will  be  found  to  be  either  very  imperfectly  trapped,  or  not 
trapped  at  all.  This  part  of  the  system,  being  subject  entirely  to  the  con- 
trol of  the  private  householder,  is  often  defective  through  ignorance  of 
its  real  condition,  or  indifference  as  to  the  results  arising  from  its  neglect, 
it  itt  therefore  correctly  designed,  well  executed,  and  well  managed,  or 
the  reverse,  according  to  the  election  of  the  individual.  So  unsatisfac- 
tory an  arrangement  of  the  sewerage  system  of  this  city  may  account  for 
much  sickness  otherwise  unexplained. 

In  1872  the  Slate  Board  of  Health  of  Massachusetts  was  instructed,  by 
order  of  the  legislature,  to  collect  information  concerning  the  sewerage  of 
towns  in  that  commonwealth.  The  report,'  made  in  conformity  to  this 
order,  states  that  **the  only  cities  in  Massachusetts  now  provided  with  a 
system  of  sewerage  which  can  be  regarded  as  approaching  conipleteuuss 
are  Boston  and  Worcester."  In  all  the  other  towns  il  was  more  or  less 
unsatisfactory.  If  the  same  inquiry  were  instituted  in  regard  to  other 
States,  it  is  hardly  likely  that  any  more  favorable  reports  would  be  re- 
ceived. Happily  for  the  future  welfare  of  the  country,  the  people  are 
beginning  to  realize  the  importance  of  a  better  observance  of  sanitary 
regulations,  and  are  more  willing  lo  give  intelligent  support  to  public 
health  measures.  A  new  impulse  has  been  given  to  sanitary  progress  by 
the  diflfusion  of  knowledge  through  the  labors  of  the  American  Publii' 
Health  Association.  State  boards  and  local  boards  of  health  are  being 
rapidly  organized  throughout  the  country;  more  crnim'int  sanitary  talent 
is  being  consulted  in  the  construction  of  works;  blunders  uf  the  past  ar& 

'  S«e  a  Paper  on  Hodm  ud  Sire«t  Dramage  of  (be  City  of  PhUad«1pbia,  by  A.  H«r- 
ruig.  1878. 

'  Fonrth  Rfport.     StaUs  Board  of  Health  of  Massacbuwlt*,  1878,  p.  32. 
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In  prospect  of  being  corrected;  and  the  promise  for  the  future  U  thtx] 
considerations  of  public   health  will  be  more  potent  in  determining  tlit 
oharacter,  and  in  controlling  the  management,  of  these  importAiit  wuriu, 
which,  although  projected  and  executed  mainly  for  aanitary  object*,  ha(«| 
hitherto  often  failed  to  embody  the  principles  most  nec-ciidanh'  to  aucccM"' 
fully  attain  these  ends. 

S^went. — in  inhabited  areas  the  provision  of  sewers,  ».  *,,  undergTf>un<J 
conduits  for  tl»e  removal  of  surface-water,  and  the  wMt^j  products  from 
houses  suspended  ia  water,  sooner  or  later  becomes  a  matter  of  oi^enl 
necessity.      In  small  places  the  open  gutter  is  often  resorted  to  for  i 
dispoiuil  of  houae-slops   as  well  as  rain-water;  but  thi*  practice,  pxi^eptj 
nrhen  exclusively  restricted  to  the  latter  use,  can  never  be  defended  uy 
any  reasonable  grounds.     It  is  usually  a  makeshift  until  proper  and  sali*-^ 
factory  channels  for  house-slops  can  l>c  provided.      U'hen  this  nialerial 
cannot  be  properly  disi>o»ed  of  upon  the  individual  pM^^misos,  as  ts  aJw^aysJ 
the  case  where  houses  are  collected  together  over  a  Hmiled  urea,  the  «ec 
sity  exists  for  the  provision  of  publio  channels  to  carry  off  »uch   wa^tej 
matters.     Hon ce  most  townsare  provided  with  these  public  ronvpnienoea. 

Sewers  are  used  for  the  purpose  of  removing  surface-water  and  houar- 
slops,  and  the  liquid  refuse  of  trades  and  factories,  either  with  or  wi| 
the  admixture  of  human  excreta.  They  also  receive  a  considerable  i 
of  subsoil  water.  In  places  where  the  rainfall  is  exeeaaive,  distinct  ch 
nela  are  sometimes  provided  for  the  rain-water,  and  this  constitutes  wfc 
is  called  the  "separate  system."  When  solid  excreta  are  uxciuded,  ma 
or  less  urine  is  still  discharged  into  the  sewers  unth  other  waste  nutter 
These  substances,  when  mingled  with  the  washings  and  debris  of  tlu 
streets,  and  the  refuse  of  trades  and  factories,  form  a  highly  impure  mil 
ture,  susceptible  of  putrefaction,  which  should  be  disposed  of  with  th 
same  care  and  completeness  as  when  solid  excrement  forms  one  nf  the 
gredieota.  "  Investigations  made  in  towita  where  the  earth  and  aJih  syi- 
terns  prevail,  as  in  many  of  the  large  manufacturing  towns  of  the  North  of 
Kngland,  show  that  the  ordinan.-  contents  of  the  publir  iewers  are  in  all 
respects  not  less  foul  and  offensive,  and  probably  little  loss  flaQgerou>« 
than  are  the  contents  of  those  which  receive  all  of  the  ordure  of  the  town, 
with  a  copious  flow  of  water ;  that  ia  to  say,  the  kitchen -waste* 
house-slops,  when  mixed  with  the  wash  of  the  streets,  constitute  so  pn>*' 
lifio  a  source  of  offensive  sewor-gases  that  the  night-soil  i&  not  ei^>ecially 
marked,  save  as  a  specific  vehicle  for  the  spreading  of  such  epid<*min*  i 
are  communicated  by  moans  of  boweJ  discliarges."    (Waring.) 

Whether  such  sewage  should  be  passed  into  streams  or  not  will  de- 
pend upon  circumstances  connected  with  the  locality.  It  is  cHTtainly  thaj 
simplest  and  most  convenient  mode  of  getting  rid  of  it ;  but,  upofi  gi-ner 
principles,  it  should  be  forbidden  until  after  efficient  purification.  Wfaf! 
the  sewage  is  of  ordinary  composition  and  of  moderate  amount,  and  iIh 
body  of  water  is  large  and  has  an  active  current,  by  exeeaaive  dilution 
the  matter,  no  injurious  conseijuences  mav  arise.  In  this  country  it  is  i 
common   practici^   to  dischsrgt-  all  sewage,  untreated,  into   the  ocean 
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nearest  watercoursp,  and,  as  yet,  b»it  few  caaes  where  serious  i-csults  have 
been  produced  by  this  plan  of  disfxisal  have  been  brought  to  i^ublit'  iioticc. 
The  question,  however,  of  the  pollution  of  watercourses  by  sewage  ia  I*- 
ginning  to  elicit  inquiry,  iitk)  inveMi^tioiiR  njion  tlx-  subject  hnve  already 
been  started  by  some  State  goveninients.'  The  time  will  piroljably  arrive 
when  this  matter  will  become  a  very  serious  one,  aiul  will  have  to  be  dealt 
with  by  the  same  stringent  provisions  as  are  now  enforced  in  England 
under  the  Rivers'  Pollution  Act. 

7%«  contjMsition  ofwwage. — Sewage-matter  ia  made  up  from  a  great 
riety  of  substanccR,  derived  from  many  sources,  as  we  have  already 
Its  comjioHttion  is  described  in  the  first  rejKirt  of  the  Rivers'  Pollu- 
liou  Comraisaioiiers  in  the  following  words:  "Sewage  is  a  very  complex 
liquid;  a  large  proportion  of  its  most  offensive  matters  is.  of  course, 
human  excrement  discharged  from  water-closets  and  privies,  and  alw» 
urine  thrown  down  gully-holes.  Mixed  with  this,  there  is  the  water 
from  kitchens,  containing  vegetable,  animal,  and  other  refuse,  and  that 
from  wash-houses,  containing  soap  and  the  animal  matters  from  soiled 
linen.  There  is  also  the  drainage  from  stables  and  cow-houses,  and  that 
from  slaughter-houses,  containing  animal  and  vegetable  offal.  In  case» 
where  privies  and  cesspooU  are  used  instead  of  water-closets,  or  these  ai-e 
not  connected  with  the  sewers,  there  is  still  a  large  proportion  of  human 
refuse  in  the  form  of  chamber  slops  and  urine.  In  fact,  sewage  cannot 
l>e  looked  upon  as  composed  solelv  of  human  excrement  diluted  with 
water,  but  as  water  polluted  with  a  va*«t  variety  of  matters,  some  held  in 
suspension,  some  in  solution."  Sewage  variety  in  its  composition  with  the 
habits  of  the  people,  the  season  of  the  year,  and  even  the  time  of  day  or 
night,  and  hence  it  ia  difficult  to  determine  a  standard  of  composition. 
Very  numerous  analyses  have  been  made,  and  from  these  the  average 
composition  may  be  obtained. 


CHIEP  CONSTITUENTS  OF  A  GALLON  OF  SEWAOa* 
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Authoritlea. 


Letheby 

Hofroann  and  Witt 

Way 

Voelcker 

Mean 


OlgMBO 

mttter. 


31.19 
30.70 
39.00 
20.00 


%7.n 


SntropoD.     ^'^1^'*°'    Pota-h 


G.22 
6.76 
6.18 
5.67 


6.21 


1.74 
1.8.5 
1,08 
1.00 


1.57 


1.29 
1.03 
2.81 
3.00 


2.03 


The  average  amount  of  solid  matter  per  gallon  is  89.81  grains,  of  which 
27.72  are  o^anic,  and  62.09  mineral. 


*  See  ReportH  of  MasmohuBette  State  Board  of  Health. 

•  Letheby  :  The  Sewage  Quertiou,  1872,  p.  1381 
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In  addition  to  tlio  finely  divided  particles  nf  orfranir  mutter  in  variotii 
sta^s  of  deromposilion,  there  are  found  in  sewer-water  muttitudes  of 
bacteria  and  other  low  forms  of  coil-life,  fungi  are  also  presf nl  a»  wH 
fts  myriads  of  ova  of  intestinal  entozoa.     (Cobbold.) 

The  variation  of  aewage  from  the  average  compoaition  is  vrrjr  eon- 
fddorable.  It  is  evident  that  a  greater  amount  of  refuse  is  discharged  into 
sowers  at  one  time  than  at  another.  At  night,  in  many  towna,  the  ■»»"■ 
age  is  not  much  more  than  water.  At  some  seasons  it  is  much  diluted  on 
account  of  excessive  use  of  water  for  bathing  and  other  domestic  purpo***. 
It  varies,  too,  on  account  of  the  admission  of  rain  and  subsoil  water. 

The  amount  of  scwer-water  in  some  cases  is  greater  than  the  total 
amount  of  rainfall  and  the  water  supplied  by  public  works.  This  excaa 
is  derived  from  private  wells  and  from  the  water  of  the  KiibftotI  entering  thf 
sewers.  Baldwin  Latham  took  the  average  of  120  English  towos,  aivi 
found  the  average  amount  of  water  supplied  by  public  works  was  25  gal- 
lons per  head.     The  extremes  were  10  and  5*5  gallons  per  head.      \Miere 

water-closets  and  private  baths  are  in  general  use,  there  will  always  b*^H 
a  high  rate  of  water  consumption.     AH  these  several  sources  of  supply^H 
must  bo  taken  into  account  when  considering  the  probable  amount  of  sew- 
age to  be  dealt  with. 

Twcnty-fivo  g»llons  dally  per  head  of  population  is  the  ainount  of 
water  named  by  Mr.  Brunei  as  necessary  to  maintain  a  proper  flow  of 
sewage.  This  may  suffice  if  the  sewers  have  a  good  inclination  and  an 
thoroughly  well  constructed  in  all  particulars  ;  but  when  defective  in 
gradient,  courses,  and  workmanship,  so  as  to  require  freijuetit  flushing,  ■ 
much  larger  quantity  will  be  required. 

M'hether  storm-waters  should  be  permitted  to  pass  into  sewers  is  a 
c|ue8tion  which  has  excited  discussion.  Local  conditions  and  etrcuat*. 
stances  must  be  consulted  in  determining  this  point.  In  small  towns 
villages  it  is  not  advisable  to  provide  for  the  underground  removal  of  all 
the  water  of  heavy  rains;  but  in  citi(»  "all  sewerage  works  must  be  cal- 
culated to  convey  away,  either  by  the  sewers  or  by  storm- water  overflovrs, 
or  special  works  constructed  for  the  purpose,  the  maximum  amount  sf 
rain  without  flooding  or  inconvenience  to  the  inhahitanlb  uf  the  district,"' 
A  reasonable  amount  of  rainfall  can  always  be  admitted  with  advantage 
into  sewers  intended  for  the  removal  of  excreta.  If  the  sewers  be  i^rop- 
erly  constructed,  the  admission  of  rain-water  has  the  effect  of  tootirii 
and  (^leHiising  these  conduits  in  an  effectual  manner. 

Where  sewage  is  discharged  directly  into  the  nearest  watercoursp. 
there  is  no  object  in  pro^Hding  separate  channels  for  the  rainfalL    There  is, 
however,  this  disadvantage  from  the  admission  of  surface-waters,  iiaoMl; 
that  when  sewers  are  made  large  enough  to  accommoilat'>  the  watM* 
heavy  storms,  they  are  too  large  to  admit  of  self-cleunsing  by  the  ordinirt 
daily  How.      But  this  difficulty  may,  in  a  measure,  be  overcome  by  adn|)C' 
ing  a  shape  that  will  beat  meet  both  of  these  requirements.     The  elliptic 
form  is  to  be  preferred  in  such  cases.     This  mode  of  diapoftal  of  ««wi 
by  discharge  into  the  nearest  watercourse  is  generally  adopted  in 
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country  ;  but  it  contravenes  &  well -est  abltuhed  sanitary  diotum — "  tha 
rainfall  to  the  rivers  and  the  sewage  to  the  land." 

The  mode  of  dispoHat  of  seviuge  has  a  great  deal  to  do  with  deciding 
for  or  ag&insl  the  exeluatuit  uf  the  8urf ace- waters.  When  the  sewagu 
oau  be  delivered  at  the  outfall  by  gravitation,  the  objections  to  the  ad' 
mission  of  the  rainfall  arc  greatly  leitsened;  but  when  it  is  required  to  U.- 
lifted  to  a  considerable  height  by  artificial  power,  in  order  to  be  freed 
from  its  noxious  qualities  before  being  discharged  into  the  river,  the  addi- 
tion of  a  Iftigo  volume  of  rain-water  will  very  materially  increase  the 
expense  of  the  final  disposal  of  the  matter.  It  is,  therefore,  desirable  to 
exclude  as  much  as  possible  of  the  surfHoe-w»ters  in  excess  of  the  amount 
necessary  for  the  proper  cleansing  of  the  sewers.  All  rain-water  collected 
by  the  subordinate  sewers,  in  excess  of  the  quantity  provided  for  in  the 
iaterC'Cpting  or  main  sewers,  may  he  passed  into  the  nver  by  mea>na  of 
*'  storm  overflows."  The  occasional  discharge  of  the  excess  of  stonn- 
water  into  the  river,  during  a  heavy  rainfall,  cannot  materially  impair  the 
quality  uf  its  water. 

It  has  been  urged  as  an  objection  to  the  admission  of  the  surface- 
waters  that  the  sewage  proper  is  diluted  and  deteriorated  thereby,  and 
its  eoonomio  treatment  greatly  imperilled.  This  objection  is  based  upon 
the  assumption  that  the  surface -drainage  is  comparatively  pure,  and 
should,  therefore,  be  conveyed  to  the  ordinary  wateroourses  of  the  dis- 
trict. But  it  wouir]  uppear  from  the  investigations  uf  the  surface-water 
of  London,  made  by  Professor  Way,  which  ought  to  hold  good  for  all 
crowded  localitio.s,  that  their  manurial  value  is  equal  to  that  of  ordinary 
sewage.  Uo  says  that  ^''so  far  as  London  is  concerned,  and  considering 
only  the  comiKisition  of  the  liquid  which  reaches  the  sewers  in  the  time 
of  rain  from  the  streoLt,  ii  seems  pretty  eertaiii  that  it  would  be  as  valu- 
able in  a  manurial  point  of  view  as  the  ordinary  contents  of  the  sowers. 
There  would  seem  to  be  no  reason,  therefore,  to  exclude  such  waters  oti 
the  ground  of  the  dilution  and  deterioration  of  the  sewage,  to  which  they 
might  be  supposed  to  load."  If  such  be  the  case,  then  clic  whole  of  the 
surface-water  of  a  crowded  locality  should  be  disposed  of  in  the  same 
manner  as  the  ordinary  sewage- matter.  This  difficulty  may  !>e  overcome 
by  admitting  into  the  sewers  rainfalls  which  are  small  in  amount,  and,  in 
time  of  excessive  downfall  of  rain,  only  the  first  or  foulest  portions  ;  the 
last  water  contributed  by  heavy  storms  being  comparatively  pure,  may 
l>e  sufTemd  to  pass  directly  into  the  river  by  stonn  overflows. 

In  many  sea-side  towns,  and  in  districts  where  the  outfall  sewers  are 
tide-locked,  it  may  be  proper  to  construct  special  works  for  the  purpose 
of  conveying  otT  the  rainfalE;  but  this  is  a  case  for  decision  upon  condi- 
tions largely  connectorl  with  the  loeality.' 

As  before  remarked,  the  purpose  of  a  system  of  sewerage  is  to  remove 
certain  waste  products  as  rapidly  and  completely  as  possible,  so  that  dur- 
ing their  passage  and  at  the  place  of  final  disposal,  neither  the  air,  water. 
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nor  soil  shaJl  be  rendered  impure.  In  the  accoinpliafainent  of  this  purpo—, 
eewers  perform  a  most  imfHirtant  pari.  Thejf  are  not  mere  oonveuietioes, 
us  might  be  supposed  from  the  iiiKiiiior  iit  wliich  Uiey  ure  often  ooMHtructcd. 
They  have  a  great  sauitary  mission  to  carry  out,  and  the  more  steadily 
this  object  is  kept  in  view  the  more  Hatiafnctory  will  be  the  r«Mult&  ob* 
tained.  A  sewer  cannot  properly  perform  its  functions  unl«8«  made  to 
conform  to  certain  essential  conditions.  These  have  been  cJearly  aiul  cor- 
rectly Btated  by  Mr.  Waring  as  follows  : 

**  1,  It  must  be  perfectly  tight  from  one  end  to  the  other,  so  thai  all 
matters  entering  it  shall  securely  be  carried  to  its  uiitlet,  nut  a  particle  of 
impurity  leaking  through  into  tho  soil. 

**1i.  It  must  have  a  convinuoufl  fall  from  the  head  to  the  outlet,  in 
order  that  its  contents  laay  '  keep  niu%ing,  there  being  no  halting  to 
putrefy  by  the  way,  and  no  depositing  of  )*ilt  that  would  endanger  the 
channel. 

'*  3.  It  must  be  perfectly  ventilated,  so  that  the  injurious  g«i«ea  that 
necessarily  arise  from  the  dex;om  posit  ion  of  matters  carried  aloog  in  the 
water,  or  adhering  to  the  sides  of  the  eonduit,  shall  be  diluted  with  frv^h 
air,  and  shall  have  such  irieariH  of  escape  as  will  prevent  them  frum  for- 
cing their  way  into  houses  through  (he  traps  of  house-drains. 

*'4.  It  niutit  be  provided  with  means  for  inspection,  and,  when  dm*** 
sary,  for  flushing. 

**.').  Its  size  and  fnnn  niiist  be  »o  adjuxtpd  to  its  work,  or  to  it6  fliiftli 
ing  appliances,  that  tho  usual  dry-weather  lluw  may  1h-  ninde  to  k«Hip  it 
free  from  silt  and  organic  deposits." 

It  is  necessary  that  all  of  these  particulars  should  be  faithfully  and 
efficiently  earned  out.  The  neglect  of  any  one  of  them  not  only  defeat* 
its  own  siK'cial  end;  but  interferes  with  the  operation  of  all  the  n;8t,  dud, 
to  some  extent,  renders  nugatory  the  sanitary  advantages  which  their 
united  observance  ahme  can  secure;. 

A  work  of  this  kind  is  not  Intended  to  furnish  all  the  details  of  sewer 
construction;  it  will  suffice  to  set  forth  the  principal  features  of  the  sy^* 
tem,  with  the  ohje<;ts  which  they  are  intended  to  accomplish. 

Vort»CntcUvu  of  jwicertf.— In  the  cuimtrucliou  of  itewere  it  ia  uf  primaiT' 
importance  that  the  work  should  l>e  thoroughly  well  done,  aooording  to  a 
well-arranged  ancl  Rvsteniatie  plan.  The  wurkiiianship,  as  well  as  the  ma- 
terials  used,  should  be  of  the  bust  quality.  To  secure  these  objects,  the 
Kerviues  of  a  tliuroughly  competent  engineer  should  be  employe<l;  and  tho 
work,  as  it  progresses,  should  be  subjected  to  the  rigid  scrutiny  of  quali- 
fied inspectors.  Such  advice  would  bo  superfluous  if  it  were  not  too  oft^ft 
the  case  that  these  important  \v<jrks  are  intrusted  to  engineers  of  very  in- 
fliffflrent  ability,  and  their  supervision  to  inspectors  sadly  deficient  tn  tlir 
qualifications  which  such  officials  should  possess. 

In  arranging  a  plan  for  seweragf^ works,  one  of  the  rotwt  imporlarit 
poinlit  to  bi;  considered  is  the  regulatiun  of  the  size  of  the  si«wers.  Thi* 
will  <lepend  upon  the  amount  of  sewage  proper,  as  influenced  by  th» 
habits,  occupation,  and  trades  uf  the   inliabilunts  of  each  locality,   the 


I 


amount  of  gmujid-wnter  that  may  be  accidentally  or  Ueaig^nedly  admitted, 
and  the  quaniity  of  rainfall.  The  quantity  of  ordinary  sewage  varies  with 
the  season  ajid  with  the  hour  of  the  day.  Pmvision  must  be  made  for 
its  maximum  outflow,  and,  in  addition  tliereto,  for  the  maximum  quantity 
of  8torro*water,  when  such  is  admitted  into  the  sewers.  The  influence  of 
the  grade  of  the  surface  in  determining  the  rapidity  with  which  the  raiu- 
fall  is  discharged  into  the  sewers  claims  attention. 

Mr.  Shed,  of  Providence,  says:'  "The  cajiacity  of  sewers  to  carry 
water  depends  maitdy  on  their  sectional  area — if  of  proper  form — and 
the  rale  of  fall.  In  order  to  render  sewors  as  nearly  self-cleansing*  as 
})0«8ihle,  they  must,  as  before  stated,  be  adapietl,  in  size  and  inclination, 
to  the  ordinary  flow  of  sewage,  so  far  as  to  keep  up  a  velocity  sufiicicnt 
to  carry  on  all  light  matters,  and  to  leave  only  so  much  heavy  matter  as 
will  be  finally  carried  along  by  the  scouring  effect  of  the  storm -waters." 

As  a  general  rule,  sewers  are  made  too  largo,  thereby  defeating  the 
very  object  they  are  intended  to  promote.  The  ordinary  stream  of 
sewage  being  small  in  proportion  to  the  size  of  the  sewer,  and  being 
spread  over  a  large  surface,  the  velocity  of  the  current  is  so  impeded  by  the 
bed  and  sides  of  the  channel,  that  the  solid  matters  l>ceome  de]x>sited  and 
accumulute  until  the  !<cwers  l>ecome  completely  choked  up.  The  veloci- 
ties required  to  render  sewers  self-cleansing  liavu  been  variously  estimated 
by  different  writers.  Mr,  Wicksleed  showed  by  experiments  that,  for  the 
removal  of  heavy  sewage -ma  iter,  when  the  sewer  was  running  full,  or 
nearly  so,  a  mean  velocity  of  137^  feet  per  minute  would  be  required. 
Bailey  Oenton  considers  a  mean  velocity  of  130  feet  per  minute  as  neoes- 
sary  for  the  proper  flow  of  ordinary  sewage.  Other  observers  have  placed 
the  figures  a  little  higher.  Baldwin  Katham  says,  that  in  no  case  should 
the  velocity  be  lei*s  than  T-JM  feet  per  minute,  and  in  the  generality  of 
casea  it  should  be  much  greater.  He  says  "  ^at  in  order  to  prevent  de- 
posit in  small  sewers  or  drains,  such  as  those  of  six-inob  or  nine-inch  diam- 
eter, a  velocity  of  not  less  that  3  feet  per  second  should  be  produced. 
Sewers  from  IZ  to  24  inches  diameter  shouhl  have  a  velocity  of  not  less 
tlian  2^  feet  per  second;  and,  in  sewers  of  larger  dimensions,  in  no  case 
should  the  velocity  be  less  than  2  feet  per  second.  In  order  to  maintain 
tiiese  velocities  in  sewers,  it  is  absolutely  requisite  that  a  certain  rate  of 
inclination  should  be  secured;  thus  small  sewers  will  require  a  greater 
rate  of  fall  than  large  sewers;  ai»d  large  sewers,  on  the  other  hand,  must 
have  provided  a  much  larger  volume  of  fluid,  so  that  proper  velocity 
thrnugh  them  may  be  maintained.^*  Tlie  velocity  of  the  current  is 
greater  the  further  llie  particles  of  ihe  liquid  are  removed  from  tlie  sides 
and  bottom  of  ilie  channel.  Hence  the  velocity  at  the  bottom  of  the 
eewer  is  much  less  than  the  mean  velocity  which  we  have  been  consider- 
ing. Velocity  diminishes  greatly  with  the  depth  of  the  stream  flowing 
through  the  channel;  and,  consequently,  when  the  stream  is  the  smallest. 


'  Waring:   Sanitary  Drainage,  eui.,  1878^  p.  ISO. 
*  Sanitary  Eng^ineerlog,  IE*??,  p,  H. 
Vou  I.— :» 


466 


SOIL    ASTD    WATKR. 


and  of  the  least  depth,  tbere  w  m  great  tendencr  for  nutt«n  suspimd«d 
in  the  sew»g«  to  be  deposited.  For  this  reason  the  amaUer  »ewer«,  vhiVh 
carry  but  a  small  (|uantity  of  sewage,  should  ha%'e  a  greater  incim&tiun 
than  the  larger  severs,  in  order  to  maintain  a  velocity  of  flow  neoesMrr 
to  mahe  them  self-cleaostng.  The  proper  incbnalton  of  various  stsed 
aewcts  nay  be  asoertained  by  oonsulting  works  on  sanitary*  engineering.' 
A  sewer  designed  with  the  proper  rate  of  inclination  to  render  it  s^lf- 
deansing,  when  running  full  or  half  full,  may  become  a  sewer  of  depQ^ii. 
if  the  Totume  of  sewage  is  ordinarily  small  in  proportion  to  the  capaoitT 
of  the  channel.  This  difficnl^  is  often  eacoontered  as  the  result  of  mak 
ing  sewers  sufficiently  capaeioos  to  aoeommodate  storm -waters.  If  poMi' 
ble,  the  size  of  the  condait  should  be  proportioned  to  the  volume  of  sewagv; 
bot  when  this  plan  cannot  be  adopted,  that  form  of  sewer  should  be  selected 
which  will  gire  the  greatest  velocity  to  the  ordinary  volume  of  eewsgp- 
The  oval  form  of  sewer  is  to  be  preferred  when  the  volume  of  sewage- 
matter  U  subject  to  fluctu&tiona.  It  has  the  advantage  of  securing  greater 
depth  of  sewage  and  less  surface  than  the  other  forma,  as  will  be  seen  bv 
Fig.  13. 
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Various  sectional  forms  for  sowers  have  been  adopted  from  time  to 
time,  hut  those  considered  most  desirable,  and  which  are  most  oommoniy 
used,  are  the  circular  and  the  egg-shaped.  The  forms  vary  in  the  resistance 
which  they  offer  to  external  pressure,  hut  alt  forms  can  be  so  constructed 
as  to  insure  stability.  The  main  consideration  which  influences  thr>  spIi'i-- 
tion  of  the  shape  of  a  sewer  relates  to  the  velocity  of  the  flow  of  sewagp, 
That  shape  should  be  adopted  which  will  secure  the  maximum  velocity  tu 
both  the  maximum  and  minimum  flows.  The  form  which  most  fully 
meets  these  retjuiremetits  is  the  egg-shaped  form.  Fig.  IG.  WTien  the 
volume  of  sewage  ordinarily  flowing  through  a  sewer  is  small  in  propor- 
tion to  the  capacity  provided,  the  lesser  area  of  the  wetted  perimeter  *  and 
the  greater  depth  of  sewage,  afforded  by  the  egg-shaped  sewer,  give  » 
greater  velocity,  and,  therefore,  a  greater  cleansing  power  to  the  flow,  than 
could  be  secured  by  the  equivalent  circular  sewer,  while,  at  the  same  time, 
equal  facility  is  furnished  for  larger  volumes  of  sewage. 


*  Saaitorr  Bn^eerinff  by  Baldwin  Latham,  also  by  Batlej  Denton. 

'  "  That  portion  of  tha  ahannel  m  a  aswar  or  watBroooras  whloh  la  touehad  by  tb« 

water." 


The  form  of  egg-shaped  sewer  considered  the  best  by  Latham,  and 
approved  by  Bailey  Denton,  is  that  represented  by  Fig.  14.  "In  this 
form  the  horizontal  diameter  is  two-thirds  of  the  vertical  height,  the 
radius  describing  the  invert  being  one-foitrth  the  horizontal  diumoter. 
The  semicirclp  drawn  on  the  hnrizonlal  diameter  becomes  the  upper  por* 
tion  of  the  sewer,  while  the  segment  drawn  on  the  radium  fonns  the 
invert.  By  continuing  the  horizontal  diameter  half  its  length  on  each 
side,  points  C  and  C"  art  gained  from  which  an  arc  may  be  struck  for  the 
sides  to  perfect  the  egg-shaped  form."'  Other  modifications  of  the  oval 
form  have  been  adopted.  That  by  Mr.  Hawksley  is  perhaps  one  of  the 
l>est;  it  has  the  advantage  of  easier  construction,  but  is  not  so  well 
adapted  for  sewers  in  which  the  volume  of  sewage  is  Hubject  to  constant 
variations  of  flow  as  the  one  recommended  by  Mr.  Latham. 


Flu.  15. 


Fill  Id. 


Fin.  17. 


The  circular  sewer,  Fig.  15,  is  to  be  preferred  when  the  volume  of 
sewage  is  large  and  maintains  a  tolerably  uniform  flow,  and,  moreover, 
it  is  cheaper,  since  it  aftoKls  ''  the  greatest  sectional  area  for  the  amount 
of  wall  required,  and,  therefore,  the  greatest  capacity  for  discharge." 

Sewers  with  perpendicular  sides,  having  an  arched  roof  and  a  flat  or 
hollowed  invert,  as  illustrated  by  Fig.  17,  are  sometimes  used;  but  they 
are  inferior  to  tlie  forms  mentioned  above,  Figs.  15  and  10,  and  are  only 
adopted  in  exceptional  eases. 

In  constructing  sewers  designed  to  carry  ejtcreta.  It  is  of  paramount  im- 
portance that  they  be  made  water-tight.  This  object  is  frequently  defeated 
by  the  selection  of  faulty  materials,  or,  when  the  matorlaJs  are  of  the  proper 
kind  and  quality,  by  constructing  the  works  in  a  defective  manner.  The 
materials  generally  selected  arc  bricks,  stone,  stoneware  and  earthenware, 
concrete,  and  sometimes  iron.  It  is  advisable  always  to  use  the  best 
poeaible  materials,  since  they  arc  eventually  the  cheapest  and  altogether 
the  most  satisfaotory.  Sewers  of  more  than  eighteen  inches  internal  di- 
ameter are  usually  constructed  of  bricks  set  in  cement  or  hydraulic  lime 
mortaj-.  They  should  be  hard,  well  burnt,  and  well  shaped.  Smoothness  of 
surface  is  a  desirable  quality,  especially  for  such  as  are  used  for  the  inner 
lining. 

The  inverts  of  sewers  of  moderate  site  are  generally  made  of  blocks 
constructed  of  terra  cotta,  stoneware,  or  fireclay,  glazed  on  their  inner 
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Burface.  Tbey  facilitate  the  work  of  construction,  are  durablCj  and,  by 
prcBenting  a  smooth  surface,  offer  tho  Icaat  friclioual  resistance  to  ifao 
fiow  of  aev&ge.  The  continuous  opcniugrs  in  the&e  blocks  form  a  simple 
mode  of  getting  rid  of  subsuil-water.  The  usual  forms  of  invert  blocks 
are  eketched  at  Figs.  18  and  19,  and  are  shown  in  poaitiou  in  Figs.  1& 
and  IG. 


Fig.  ifl. 


Fia  ifiL 


Sewers  are  sometimes  oonstructed  entirely  of  concrete.  This  material 
is  highly  appreciated,  and  is  now  being  more  commonly  used.  It  has  tbo 
advantages  of  durability  and  economy.  Sewers  formed  of  a  slight  rinc 
of  brickwork,  surrounded  by  concrete,  are  preferred  by  Denton  to  all 
others.  Concrete  sowers  may  be  made  of  bricks  construetod  of  concrete 
end  laid  like  ordinary  brickwork,  or  they  may  be  formed  of  oompreswd 
blocks  of  concrete.  These  are  both  excwilent  forms,  but  they  are  more 
expensive  than  brick  sewers. 

*!^ni(iU  setcer^  and  /luiise-drttin^  are  generally  made  of  atonowar**  <*r 
earthenware  pipes.  For  the  smaller  conduits  it  tm  advisable  to  select  tli<* 
circular  form.  "  The  best  quality  of  pipes  for  sewere  are  thoae  made  of 
a  Wtreous,  iniperisliable  material  of  sufBcieiit  strength  (o  resist  fraotur 
having  tougliness  enough  to  insist  slnx^ks,  bcin<;  tenacious,  hard,  he 
geneous,  impervious  in  cliarncier,  uniform  in  thickness,  triie  in  section, 
and  perfectly  straight,  uniformly  glazed  both  irisido  and  outside,  free  (ronk 
fire  or  other  cracks,  and  when  struck  should  ring  clearly/'  Porous  mate- 
rial is  unsuitable,  since  it  becomes  saturated  witli  filth,  is  lean  able 
resist  pressure,  and  is  more  easily  affected  by  frost  and  the  chemicBl  actio 
of  sewage.  The  best  pipes  are  the  saU-p;lazed,  as  this  prooe«s  retjuireH  s 
more  tlioruugh  buniirnj  than  is  needed  for  lead  or  glass  glaxiog,  aud  tber^ 
fore  secures  a  harder  and  mure  durable  material. 

The  pipes  most  commonly  used  are  the  simple  socketed  pipes,  witi 
spigot  bti  one  end  and  socket  on  the  other. 

In  laying  st^wer-pipes  care  should  be  taken  to  have  a  well-r 
fall,  and  thftt  euch  pipe  shall  have  a  uniform  bearing  throughout  tho  nntir 
length  of  the  sewer.    To  secure  a  true  positioii  and  a  firm  support  for  th 
pipes,  the  bottom  of  the  trench  should  bo  hollowed  out  to  rocoive  < 
joint.     The  greatest  care  should  be  exercised  iu  adjusting  ikud  securuiir^ 
the  joints. 

In  all  cAscs  the  joints  should  be  caulked  with  tarred  gasket,  and  i 
waril  finished  with  cement  or  clay  in  the  usual  manner. 

Great  damage  may  be  done  to  pipe>8ewen  by  the  entmncti  n( 
This  may  be  prevented  by  enveloping  the  sewer  in  concpete. 
usetl  for  jointing  is  said  to  be  equally  ufBctent  in  preveatiikg  the  cutra 
of  roots  of  trees. 
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Various  modifications  hare  been  made  in  the  form  of  pipes  used  in  the 
construction  of  itrains  or  small  sovrors.  One  of  the  early  modifications  is 
the  ao-callcd  opercular  or  lidded  pipe,  represented  by  Fig.  20. 


MLlENLMIIHOiaHM 


i 


Fin.  30. — OperciUar,  or  Uildcil  pipe 

The  advantage  of  this  arrangement  is,  that  it  facilitates  the  examina* 
tion  of  the  interior  of  tht*  pipps  and  the  removal  of  obatructinns,  and,  also, 
that  it  aitords  a  means  of  effecting  a  junction  with  pipes  tfiat  have  alrearly 
been  laid,  without  diaturbing  the  bed  of  the  sower.  The  ortlinary  fluw 
of  sewage  will  be  below  the  line  of  junction  of  the  Ud  with  the  pipe, 
which,  however,  may  Iw  nunle  siiHTiciently  tight  to  prevent  any  leakage. 
Another  form  of  access-pipe  is  that  introduced  by  Mr.  Jennings,  and  rep- 
resented at  Figs.  :il,  22,  and  'i'S.  The  pipes  are  "plain  at  both  ends,  and 
laid  in  chairs  (c)  similar  to  the  metals  of  a  mitway,  each  pi(je  being  kept 
6, 9,  or  12  inches  rtpartj  according  to  their  diameter."     The  top  part  of  the 


chair,  which  is  called  the  saddle-piece^  Figs.  22  and  23,  can  easily  be  re- 
moTcd,  so  as  to  afford  a  thorough  inspection  of  the  pipes,  and,  in  case  of 
stoppage,  facilitate  the  removal  of  obstructions  through  the  oj>ening3,  SS, 
without  in  any  way  disturbing  the  iax-ert  or  general  drain.    *'  In  laying  out 


Pro.  Si 


t'lr.   33. 


new  districts,  and  in  the  formation  of  new  roads,  streets,  etc.,  the  drainage 
may  be  laid  complete  without  the  introduction  of  the  ordinary  junctions, 
or  saddle-pieces.  Fig.  23.  When  house  is  added  to  house,  and  tt  is  desired 
to  effect  a  junction  with  a  finished  line  of  pipes,  the  workman  has  only  to 
raise  one  of  the  plain  short  pieces,  Fig.  2'i,  and  substitute  for  it  a  siiiiiUr 
short  piece  having  a  junction  on  it  of  the  retjuired  size,  Fig.  23,  which,  by 
reversing,  is  applicable  to  either  side  of  the  street,  and  again  completes 
the  line  of  street  drain/* 
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According  to  Waring,  the  best  pipe  known  in  this  nuu-knt  ts  th^ 
Scotch;  there  is  also  excellent  pi)x^  to  he  had  of  donic&tic  iMsnufaclur^, , 
XJnforttitmtely  the  best  quality  of  pipe  is  not  always  tlie  most  ]>t>puUr. ' 
The  inferior  grades  find  a  ready  sale,  because  they  are  cheajier.  An  iin- 
mense  quantity  of  this  defective  materia)  is  annually  used  for  the  drainage 
arrangements  of  the  so-called  "  bonus  "  houses,  which  arc  a  disgrace  to  our 
large  cities.  Citizcus  are  deceived  by  entrusting  so  important  a  matter  ii* 
the  construction  of  private  drains  to  iiicoini>elenl  and  unfaithful  workmen, 
a»d  builders  purposely  slight  the  work  without  detection,  in  tbe  abMocc 
of  proper  inspection.  .\  thoniugb  and  systematic  inspection,  under  proper 
authority,  of  all  private  drainage  arrangements,  would  tend  greatly  to 
remedy  this  great  evil,  and  should  be  insisted  on  by  all  local  health  boards 


FlQ.  ^,— i>egn>L-titaI  xUiae- 
wKnt  wwer. 


Pm.  3>V — Stoneware  dnuo-f>i|ie. 


Sewers  are  soraetimes  made  nf  blucks  of  stoneware  of  various  shapps. 
Fig.  24  represents  a  segmental  stoneware  sewer,  which  has  bet-n  use<I  id 
England  with  success.  Tbe  advantages  of  this  kind  of  tu^wer  arv,  ibal  il 
is  struugf  easily  put  together,  and  is  exceedingly  durable. 

An  excellent  stoneware  drain-  or  sewer-pipe  is  made  in  Chester,  Pa^ 
which  possesses  the  a<)vantagcs  of  strength,  durability,  accuracy  of  coup- 
ling, and  smoothness  of  internal  surface.  TTie  pipes,  as  shown  in  Fig.  V5, 
are  plain  at  boih  ends,  and  are  united  by  a  double-socket  coupling  which 
fits  very  accurately.  The  joint  is  really  the  strongest  part  of  tbe  pipo. 
Kach  piece  is  provided  with  a  bed  almost  its  entire  length,  which  gives  it 
additional  strength.  The  pipes  are  madn  in  iron  moulds,  and  therefowJ 
have  a  perfectly  smooth  interior  bore,  which  facilitators  the  passage  of  thrif ' 
contents.  Their  strength  is  such  as  to  resist  rupture,  either  from  internal 
pressure  or  from  weight  applied  externally,  and  the  materials  of  which 
they  are  composed  resist  the  chemical  action  of  sewagi*  and  the  effects 
of  frost.    Tlie  oval  form  is  well  adapted  for  moderate-sixrd  sewera. 

Iron-pipes  are  used  in  special  cases,  cr.  y.,  when  sewage  baa  to  be  con- 
veyed across  rivers  or  from  one  side  of  a  valley  to  another.  Speoiai  care 
should  be  taken  to  have  such  pipes  of  sufRoient  thickni'«s  to  rnsii^t  sU 
strain.  Iron-pipes  are  often  employed  for  private  drains.  They  shoaM  be 
carefully  tested  before  being  used,  that  no  sand  holes  or  other  defeots  es- 
cape notice.  Cast-iron  soil-pipes,  especially  when /K>fV'e/(un  /trtec/,  are,  as 
a  rule,  superior  to  all  other  kinds. 

Sewers  should  be  laid  in  {lerfectly  straight  lines,  and  should  have  s 
true  and  even  bearing  from  jioint  to  point.  If  curves  cannot  tx*  avoided, 
the  sewer  should  have  a  little  extra  fall  in  the  bend  to  componaate  far 
friction. 
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Wherever  sewers  join,  or  wherever  there  is  a  change  of  direction  or 
otgraHient,  man-holes  or  lamp-holrs  should  be  provided  in  order  lo  afford 
convenieul  access  for  the  purpose  of  iiispfclion,  flushing,  and  the  remuval 
of  obstructions.     These  shafts  also  supplv  a  means  of  ventilation. 

The  junction  of  one  sewer  with  aiiothOT,  or  of  housf-drains  with  sewers, 
ftbould  be  made  by  curves  in  the  direction  of  the  current  of  the  maiii 


I 


Pia  36. — Rigbt-aniElcd  juDctioD  eutcnog  at  Uk  cxown  of  nwer-pi|>e,  a  came  ef  tiepotiL 

sewer.  Junctions  made  al  right  aiigles,  or  opposite  the  entraiico  of  other 
sewers,  interfere  with  the  velocity  of  the  flow  and  favor  deposits.  Hous^ 
drains,  and  branch  sewers  connecting  witli  main  sewers,  should  have  their 
junctions  made  just  within  the  water-lino,  but  not  so  low  as  to  leave  their 
ii  verts  upon  the  same  level.  When  made  in  the  crown  of  the  arch  of  the 
»ewer,  they  have  th«  effect  of  impeding  the  velocity  of  the  current,  and, 
thereby,  of  causiug  the  formation  of  deposit  both  above  and  below  the  line 
of  junction,  as  is  kIiowo  by  Fig.  2G.  By  placing  tlut  junction  below  the 
water-line,  house-drains  are  provided  with  a  water-seal  more  or  less  ef- 
fectual in  excluding  the  entrance  of  sewer-air. 

Man-fu^il^a  Ufid  latup-fioUs, — Man-boles  and  lanip-boles  are  necessary 
adjuncts  to  every  romplcte  system  of  sewerage.  They  are  con.*,  true  tod 
for  the  purpose  of  examining  and  cleansing  the  sewers,  and  they  also  act 
as  ventilafing  shafts.  Tliey  ^)lould  be  lr>cnted  at  points  m(  deviation  from 
a  straight  line.  Man-holes  are  simply  tihaftf!;,  usually  built  of  brick,  by 
which  men  can  descend  from  the  street  surface  into  the  sewers,  or  to  the 
ttewer  level.  They  either  open  above  the  sewer  or  at  its  side;  the  former 
plan  is  the  simpler  of  the  two,  and  is  the  one  most  commonly  adopted. 
Larnp-holes  are  small  shafts  made  of  stoneware  or  ncrified  pipes,  and 
are  used  for  the  purpose  of  lowering  a  lantern  Into  the  sewer,  in  order  that 
the  person  at  the  nearest  nuiii-hole  may  discover  any  obstructions  existing 
in  that  part  of  the  sewer  inttrrvening  between  the  two  points, 

Man-holes  and  lamp-holes  are  usually  provided  with  wrought  or  cast- 
iron  covers.  Strong  iron  gratings  are  to  be  prefcrre^l,  as  they  allow  of 
the  ventilation  of  the  sewer.  It  is  recommended  that  a  dirt-box  he  used 
below  the  grating  lo  catch  any  eartli  that  may  pass  through  the  opeuings. 
The  arrangement  mioptcd  by  Mr.  Denton  ii;  shown  at  Fig.  *27.  Tliis  pro- 
Tision  can  hartUy  be  necessary,  as  very  little  dust  or  mud  is  carried  into 
the  sewer  through  these  openings,  and,  besides,  it  is  objected  to  on  th« 


472 


SOIL   AND    TVATEIt. 


ground  that  it  interferes  with  the  rentUatiOD.  However,  if  the  prori»ion 
is  deemed  advisable,  the  plan  approved  by  Mr.  Waring  had  better  Ik- 
adopted,  nanitilv',  "to  make  a  reoeaa  or  cateh-pii  in  the  bottom  of  ibf 
sewer,  under  the  man-hole,  tu  retain  any  earth  entering  through  the  grat- 


/^ 
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Fta  57. — Han-boU'  covet,  with  dirt-bvK  ntUeliM- 

ing,**  When  ventilating  side  chambers  are  pronded,  the  cover  of  th* 
maii'hole  may  t>e  made  solid,  and  any  dirt  passing  through  the  grating  M 
the  ventilating  chamber  will  be  retaitit^d  by  the  catcli-pit  at  its  bottom. 

iStreet-yuUKu  and  trtijut. — (xullies  are  ojieninga  placed  at  the  comers  of 
atrocts,  or  elsewhere,  to  receive  surfai:%  and  waste  water»  slops,  etc.  Thrr 
should  be  provided  with  catch-]>its  below  the  point  of  overflow,  of  tuffieient 
depth  to  intercept  and  retain  the  solid  materials  carried  in  by  the  surface- 
water.     Ill  order  tu  preveut  the  escape  of  sewer-air  from  these  stmet  in- 


f 
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Fia.  ^—-Section  of  «  tnpppd  ^trnt-gnlly. 

lets,  an  efficient  moans  of  trapping  should  bo  adoptecL  Various  drvicv* 
have  been  introduced  to  accomplish  this  object.  Those  most  generally  in 
use  depend  upon  water  as  the  means  of  trapping.  A  simple  form  of 
Wftter-trappod  gully  is  shown  at  Fig.  '1%.     All  trapped  gullies  should  be 
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mado  ihnroughly  water'tight,  othorwisc  they  are  liable  to  become  un- 
trapped  by  leakage.  Should  tUe  water-lido  be  lowered  during  the  cleans- 
ing of  the  catch-pit  so  as  to  unseal  the  trap,  care  should  he  taken  to  refill 
the  basin.  It  is  ui^d  as  an  objection  to  the  use  of  water  as  a  means  of 
trapping  that  it  is  apt  to  be  evaporated.  This  disadvantage;  is  readily 
overcome  bv  filling  tht.:  recept&clvs  witli  water  from  the  public  hydrants, 
a  <liity  which  may  bo  entrusted  to  policemen.  Street  gutters  will  be  the 
better  for  such  Hushing  in  dry  weather.  The  entrances  to  gullies  should 
be  protected  by  strong  iron  gratings.     Their  use  is  very  obvious. 

77r?«/  Vfilrcs.  —  Whenever  sewers  empty  into  the  sea,  or  into  a 
tidal  stream  Ih'Iow  high -water-mark,  the  outlets  must  bi_*  prcitectcd  by 
means  of  flaps,  or  valves,  to  prevent  the  water  from  rising  in  the  aewers, 
and  also  to  exclude  the  wind,  which,  in  time  of  storms,  tmty  force  the 
sewer-air  through  badly  trapped  bouse-drains.  They  are  usually  ma^ie  of 
iron,  and  are  so  balanced  as  to  yield  to  the  slightHst  internal  prt^ssnre, 
and  close  readily  and  tightly  by  the  least  amount  of  pressure  from  with- 
out. Two  kinds  of  self-acting  tide-valves  ore  shown  at  Figs.  29  and  30. 
(Denton.) 


X 
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Fta.  su. 


Fjo.  so. 


■  I^uihing  of  sftners. — We  have  seen  that,  in  order  to  prevent  Bedi- 
mentary  deposits  in  sf  wers,  a  certain  velocity  of  flow  must  be  maintained. 
But  as  every  sewer  has,  more  or  less,  an  intermittent  flow,  the  velocity 

t  required  to  make  them  self-cloansing  cannot  ulwayg  be  secured,  and  hence 
it  is  a  difficult  matter,  in  practice,  to  keep  sewers  thoroughly  cleansed 
and  in  good  working  order,  witliout  some  additional  means  for  removing 
the  sediment  and  for  washing  away  the  slimy  matter  whit-h  collects  upon 
their  sides  and  crown.  This  is  espncially  necessarv  for  sewers  which  have 
been  badly  constructed,  or  which,  from  too  little  fall,  too  great  size,  or  want 
of  proper  flow,  are  unable  to  carry  forward  the  solid  matters  suspended 
in  the  sewage.  Arrangements  for  flushing  are,  therefore,  absolutely 
necessary  to  remove  these  deposits  and  keep  the  channels  free  from  ob- 
structions.    The  object  of  these  arrangements  is  to  discharge  a  body  of 
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wuler,  or  sewjig**,  ai  a  vdocily,  and  for  a  length  of  time,  suffioieat  to  re- 
move any  deposits,  and  tliuroughly  u-a.sh  tlie  walls  of  tbo  sewer.  The 
volume  requirtid  is,  according  to  Lathain,  considerably  lesa  than  the  full 
discharge  of  the  conduit.  Various  plans  have  l>oon  adopted  for  the  purpoM 
of  flushing  sewers.  Tlie  simplest  of  all  is  that  in  use  where  no  special 
appliances  exist.  It  consists  in  i>eriodiraIly  turning  on  a  number  of  pul>- 
iic  hydrants,  by  which  a  considerable  body  of  water  is  simultjuieously  dis* 
charged  into  the  sewers  of  a  district  through  the  different  street  guihe*, 
or  inlets.     The  effect  is  simiUx  lo  ihat  produced  by  a  heavy  fall  of  rain. 

Sewer-water  is  sometimes  used  for  flushing  purposes.  It  is  held  back 
by  flushing-gates,  and  then,  upon  being  suddenly  Hberatcd,  produces  a 
scouring  effect. 

These  gates  are  made  to  fill  the  entire  sectional  area,  or  only  a  part  of 
it.     The  half  and  three-quarter  flushing-gates  have  tliis  advantAgo,  that  if 
not  opened  at  the  proper  time,  the  sewage  will 
pass  over  their  upper  margin  without  causing  any 
damage.      A  half-gate  is  shown  at  Fig.  31. 

St^lf-tilting  flushing  apparatus,  simitar  to  the 
■'flf-acting  tumblers  s<jmutimes  used  for  water- 
closets,  are  very  serviceable  for  small  sewers  in 
which  the  ordinary  flow  is  not  suflicierit  for  clean*- 
ing  ]Jurposea,  or  where  flushing-g»t«*«  arn  not  ap- 
plicable. Tlie  tank  is  set  on  trunnions  directly  in 
the  line  of  the  flow  of  sewage,  and.  when  filM, 
turns  over  by  its  own  weight,  and  after  thus  sud- 
denly discharging  its  conteniA  into  the  sewer 
below,  rights  itself.  The  same  operation  is  re- 
peated, more  or  less  rapidly^  according  to  the  flow. 

Reservoirs  are  made  use  of  for  collecting  sewage,  storm-water,  subsotl- 
watcr,  or  water  from  the  public  hydrants,  and  suddenly  discharging  it 
into  the  sewers.  Water  from  neiglil>oritig  sircams  may  be  utilised  for 
flushing  purposes.  It  may  be  collected  in  basins,  and  conducted  into  tba 
sewers  by  means  of  pipes  provided  with  sluice-gates,  or  with  vahes  n*gn' 
lated  by  a  lever  and  weight. 

In  flat  districts,  advantage  may  be  taken  of  the  tide  in  collecting  nxrr 
water  in  reservoirs  at  high  tide,  and  discharging  it  into  the  sewers  at  low- 
water  marie.  By  this  plan  the  sewers  may  be  kept  thoroughly  cleansed 
with  moderate  expense. 

In  flushing  sewers,  the  operation  is  generally  commenced  at  the  lowtr 
l>arts  of  the  district;  but  this  will  depend  upon  the  amount  of  water  at 
command. 

In  some  systems  of  sewerage,  flushing  arrangements  are  prorided 
at  every  man-hole  and  at  the  head  of  each  line  of  sewers.  The  various 
appliances  sviggested  mav  be  used  ainglv,  or  in  coniliination.  tii-<.-<irirmg  to 
the  requirements  of  each  particular  case. 

Flushing-tankA  placed  at  the  head  uf  sewers  may  be  ooii»jni.t<'it  in  the 
manner  represented   by   Fig.  :J2.     They  are  closed  below  by    penstocks. 


FlO.   !t1.  — A   balf    flu&h- 
'Eit«  or  valve.     (Droton. ) 
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PlO.  82.— FlDabiiig  Uak.     (Aft«r  Tarbottim.) 

Ventilation  of  tetoert, — Sewer- ventilation  is  even  more  important  than 
sewer- flushing,  though  neither  the  one  nor  the  other  can  safely  be  dis- 
pensed with  in  any  system  of  sewerage,  UnfortuiiRtely  the  means  of 
carrying  into  effect  this  most  important  sanitary  nieasiirt*  have  not  yet 
been  determined  with  entire  satisfaction.  Much,  however,  has  been  ac- 
complished in  this  direction. 

In  order  to  prevent  the  concentration  of  Rcwer-uir,  relieve  pressure, 
and  reduce  to  a  minimum  the  dedbmposition  of  organic  substances  con- 
tained in  sewage,  it  is  of  the  greatest  importance  that  openings  communi- 
cating with  the  sewers  should  be  provided,  to  afford  an  outlet  for  the  foul 
gases,  and  secure  the  free  admission  of  atmospheric  air.  No  nystem  of 
sewerage,  however  well  designed,  and  however  carefully  the  plans  may  be 
carried  into  effect,  can  bo  depended  upon  to  fulfill  its  sanitary  misHion, 
unless  there  be  combined  with  it  a  thorough  system  of  ventilation.  By 
ignoring  this  principle,  the  town  of  Croydon  suffered  from  repeated  out- 
breaks  of  enteric  fever,  *'  The  early  8ewer-w6rks  were  tlesigned  on  the 
principle  that  all  matters  were  to  be  so  rapidly  discharged  from  the  sewors, 
and  the  sewers  flushed  with  such  a  copious  supply  of  water,  that  decom- 
position could  not  take  place,  and,  thirrf:friro,  it  was  thought  that  'sewer- 
gas*  would  never  be  present;  but,  in  practice,  this  theory  was  not  found 
to  be  borne  out;  and  it  is  a  remarkabit*  cuiniMdence  hh  to  the  cause  of  thi* 
frequent  outbreaks  nf  fever  in  Croydon  (whicih  tnnk  plat-e  at  certain  iiiter- 
vais  until  the  year  186G,  when  the  sewers  were  thoroughly  ventilated),  that 
diseases  which  formerly  made  their  haunt  in  the  low-lying  diatriuls  were 
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transferred,  after  the  completion  ot  the  draiiug«- works,  to  the  hij^hest  or 
best  portions  of  the  town,  thereby  establishia^  the  fact  that  the  prpsen*^ 
of  the  disease  tn  the  hit^h  localities  was  due  to  somethinff  carried  in  tli* 
air  of  the  sewers,  whloli,  in  uhodience  to  a  natural  law,  accumulated  in 
the  highest  part  of  the  district.**  Since  the  introduction  of  ventilattoa 
there  haa  been  no  epidemic  of  fever  until  very  recently  (due  to  defects 
which  were  promptly  remedied);  and  the  niurtality  ha^  decreased,  *o 
that  the  death-rate  rarely  exceeds  eighteen  per  ihuu»and  of  population. 
The  ventilation  of  the  sewers  of  London,  though  not  by  the  most  approved 
znethud,  is  asserted,  by  competent  authority,  to  have  been  attended  with 
good  results,  as  indicated  by  the  small  death-rate  of  that  city. 

The  higher  tenn»erature  of  the  air  of  houses,  es|»eciaJly  when  artili- 
cially  heated,  favors  the  entrance  of  sewer-air  thmugh  the  drain-pipe^. 
The  pressure  of  the  atmosphere  upon  traps  within  houses  h«^ing  le«i  thio 
tfie  pressure  upon  traps  outside,  the  air  o(  unventtlated  sewers  wilt  natur- 
ally find  its  most  convenient  outlet  through  tht%  pipes  comniuaicaiing 
with  the  interior  of  houses. 

There  are  forces  at  work  within  an  unventilaied  sewer  which  tend  to 
drive  the  foul  air  into  houses.  Heat  is  one  uf  these  forces.  The  hrK 
water  discharged  into  sewers  from  baths,  kitchens,  and  manufacttirin^ 
establishments,  affects  the  pressure  of  the  air.  The  repeated  expan«on« 
and  contractions  of  the  air,  caused  by  the  admission  of  hot  and  oold  water, 
develop  a  force  which  no  trap  can  resist,  unless  free  veiitiUtton  is  est«h> 
li&hfHl. 

The  air  of  sewers  is  displaced,  sometimes  with  great  force,  by  the  con- 
stant fluctuation  in  the  volume  of  sewage.  Unless  o|)entngs  arc  provide! 
to  accommodate  these  changes  in  the  pressure  of  the  sewer-air,  the  effect 
is  directly  oxertefj  upon  the  house-traps.  When  the  pressure  is  inrreased 
by  the  rise  of  the  sewage,  the  foul  air  is  expelled  thniugh  tho  trap^;  and 
when  the  pressure  is  reduce<l  by  the  fall  of  the  sewage,  the  traps  an> 
forced  in  a  reverse  direction.  In  either  case  they  may  be  left  open  to 
the  free  passage  of  sewer-air  for  a  varisble  length  of  time.  StorTO-wat«r, 
when  discharged  into  sewers,  fias  the  effect  of  dispUcing  the  air  with  Uki* 
results.  When  sewers  empty  into  the  sea,  or  tide-rivers,  they  may  be- 
come  tide-locked,  and,  by  damming  up  the  sewage,  force  the  sewer-sir 
through  weak  traps. 

Parkcs  contends  that  the  tide  rise-s  so  slowly,  and  the  air  is  dis;>Ure<l 
so  equably  and  graduallv,  that  no  appreciaHlf  movement  can  Iw  detectett. 
and  that,  therefore,  any  weri-»rranged  trap  will  Iw  able  to  resist  the  prc*- 
sure.     This  is  true,  if  outside  \Tntilation  is  provided. 

The  discharge  of  exhaust  steam  into  sewer*  increase*  the  pressure sn'l 
tends  to  force  the  air  into  houses,  unless  a  vent  for  its  esvajte  exists. 

When  the  outlets  of  sewers  are  exposed  to  the  action  of  the  wind,  the 
sewer-air  may  be  driven  forward  into  houses,  if  no  outside  channels  uf 
escape  are  provjiled.  Latham  recommends  that,  even  in  ventilated  s^wcni. 
every  outfall  should  be  protected  so  as  to  control  the  currents  of  air. 

Barometric  changes  also  inHuonce  the  pressur**  n(  ^i-wAr-nir 
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Of  the  various  plans  proposed  to  effect  the  ventilation  of  sewers,  very 
few  are  of  much  practical  value.  Attempts  have  been  made  to  secure  ven- 
tilation by  drawing  the  air  out  by  niechariical  appliances,  but  with  only 
limited  success.  Experiments  have  been  tried  with  shafts  an'd  fumuces 
Hpv4:ially  contrived  for  the  purpose,  but  the  results  have  been  far  from 
aatisfactory.  It  has  been  proposed  to  make  us«  of  the  chimney  shafts  of 
manufactories,  and  this  plan  has  been  tested  to  some  extent.  The  conclu- 
sion in  the  matter  has  been  adverse  to  the  adoption  of  this  method  as  a 
general  one  for  promoting  ventilation.  Another  plan,  which  depends  for 
Its  efficiency  upon  the  ascensional  force  of  the  sewer-air,  consists  in  the 
use  of  special  metallic  pipes  connecting  with  the  crown  of  the  sewer,  and 
carried  underground  to  the  external  walls  of  the  buddings,  and  thence  up- 
wards some  distance  above  llie  caves.  Combustion  by  means  of  large 
furnaces  has  also  been  tried,  the  sewer-air  being  c-onducted  into  the  ash- 
pit and  through  the  furnace-fire. 

Ventilation  by  rain-water  pipes  has  been  recommended.  This  method 
likewise  has  its  disadvantages.  When  ventilation  is  most  needed,  as 
during  the  time  of  storms,  those  pipes  are  filled  with  water  and  are 
therefore  inefficient.  Moreover,  being  almost  invariably  cannecled  with 
the  house-drains  whose  terminal  openings  in  the  scwurs,  if  not  ordinarily 
below  the  water-line,  are  certainly  so  during  a  heavy  rainfall,  these 
pipet  fail  to  afford  an  outlet  to  the  confined  gases  when  such  a  vent 
is  most  required.  There  is  still  another  and  a  very  serious  objection 
to  this  plan.  When  the  sewcr-air  is  dist'harged  fn»ni  rain-water  pipes 
under  the  eaves  of  houses,  it  may  find  access  to  sleeping  apartments, 
with  the  most  disastrous  consequences.  At  Croydon  this  system  was 
rigorously  enforced  for  several  years,  tluring  which  time  tlif  death-rate 
of  the  district  increased.  In  18Gt)  it  was  abandoned  and  a  belter  system 
of  public  ventilation  substituted,  when  the  death-rate  fell  again  to  its 
former  figure. 

It  has  been  suggested  titat  lamp-posts  and  telegraph  poles  be  altered 
in  their  construction  so  as  to  servo  as  ventilators.  In  Liverpool  small 
shafts  have  been  fitted  with  Archimedean  screws  for  the  purpose  of  ex- 
hausting the  air  from  the  sewers,  l^arkes  states  that  these  screws  appear 
to  act,  but  not  to  such  an  extent  ss  to  warrant  the  expense. 

As  all  thettc  sehemes  have  been  only  partially  successful,  it  is  not  sur- 
prising that  attempts  have  been  ina<ie  to  neutralize  the  poisonous  constit- 
uents of  sewer^air,  or  lo  prevent  their  forntation.  It  was  thought,  at  one 
time,  that  sewers  could  he  made  so  thoroughly  sclf-cIeansing  that  venida- 
tion  would  not  be  required.  This  theory  has  proved  delusive,  as  has  been 
exemplified  by  the  works  at  Croydon.  It  has  been  proposed  to  deodorize 
or  disinfect  all  matters  either  before  being  passerl  into  the  sewers,  or  dur- 
ing their  transit  through  these  channels.  This  plan  is  not  only  expensive, 
but  it  has  been  found  to  be  impracticable.  The  use  of  carbide  of  iron, 
lime,  and  other  substances  in  sewers,  for  the  purpose  of  absorbing  and  de- 
stroying foul  gases,  has  been  recommended,  but  the  plan  of  their  applica- 
tion is  as  difficult  as  that  suggested  for  the  introduction  of  gases,  such  as 
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chlorine  or  aulpburousaotd  gas,  which  sro  intended  to  destroy  the  noxion* 
properties  of  the  sewer-air. 

Charcoal  has  been  used  for  the  same  purpose,  and  u  ^ong  ago  a«  1858 
Mr,  Chisholm  proposetl  ihe  application  of  cipotricity  or  gidvanUni  to  the 
vitiatod  and  noxious  gases  contained  In  confined  places,  as  in  sewers, 
drains,  and  the  !iko,  in  order  to  decompose,  disinfect,  and  destroy  them, 
by  producing  or  disengaging  ozone. 

All  these  methods  for  preventing  the  formation  of  sewer-gas,  or  for 
destroying  its  noxious  qualities,  possess  but  little  merit,  and,  unless  com- 
bined with  u  proper  system  of  ventilation,  are  worthless. 

What  then  is  the  best  plan  for  the  ventilation  of  the  public  aewers? 
In  detenntniiig  this  question  the  essential  points  to  be  borne  in  mind,  are, 
as  stated  by  Mr.  Latliam: 

**  1st.  That  the  system  shall  be  simple  in  its  o[>eration  and  not  likely  to 
got  out  of  order,  and  that  it  shall  be  independent  of  uncertain  mechanical 
aid. 

"  2d.  That  it  shall  admit  of  the  expulsion  of  all  sewer-air,  and  the  sup- 
ply of  fresh  air  at  all  periods. 

"3d.  That  the  escaping  gases  shall  be  so  dilute<l  with  atmospheno  air 
•4  to  he  rendered  harmless,  or  that  they  shall  bo  destroyed  or  arretted. 

"4th.  That  the  system  shall  not  impede  natural  ventilation. 

**  6th.  That  it  shall  not  be  costly  in  exeoution  or  maintenance.** 

The  method  of  \'entlIatloii  hv  means  of  man-holes  and  lamp-holes  in 
the  centre  of  the  street  is  the  one  which  most  completely  fulfills  the>r 
conditions.  The  openings  should  be  lai^  and  sufficiently  numerous  to 
insure  compJetc  ventilation  of  evcTV  part  of  the  sewer.  In  the  lower 
districts  they  should  be  plaoed  nearer  together  than  in  the  higher  parts 
of  the  town.  **  In  no  case  in  which  houses  are  connected  with  tb» 
sewers,*^  says  Latham,  "should  the  distance  between  ventilators  be  more 
than  200  yards." 

These  openings  should  always  be  placed  in  the  centre  of  the  street,  w 
that  the  escaping  air  shall  bo  diluted  as  much  as  possible  before  reachiitj^ 
the  sidewalk.  Thorough  dilution  is  the  great  safeguard;  if  this  be  secured, 
sewer-air  in  robbed  of  its  noxiousness.  Where  the  streets  are  very  nar- 
row, shafts  had  better  be  used. 

The  sewer  inlets,  or  gullies,  when  placed  at  the  edge  of  (he  sidewalk, 
as  they  usually  are,  should  always  be  efficiently  trapped.  A  man-hole 
provided  with  a  grating  to  act  as  a  ventilator  is  represented  by  Pig. 
ii'-i.  Beneath  the  grating,  a  perforated  iron  dirt-box  (illustrated  by 
Fig.  27)  is  Hxed,  to  intercept  any  substances  that  would  othenftise  fall 
into  and  obstruct  the  stream  of  sewage.  This  form  of  inan-hoh*  aiid 
ventilator  is  adopted  by  Mr.  Denton,  from  whose  work  the  illustration  i» 
copied. 

In  ori.ler  to  regulate  the  escape  of  sewer-air,  and  prevent  its  pasMgt 
from  the  lower  to  the  higher  districts,  it  is  usual  to  place  n  lightlv-luilanaed 
hanging  valve,  or  flap,  in  front  of  the  outlet  into  the  man-hole.  T*his  plan 
does  not  interfere  with  the  flow  of  sewage,  while  it  prevents  the  further 


I  of  the  air  alonjC?  the  sewer,  and  compels  it  to  escape  through  the 
*v«n^Uting  shaft.     This  arrang'enienl  la  shown  in  Fig.  34. 

For  years  past  cliarcoal  has  Ijeen  used  in  gewer- ventilators  as  an  agent 
well  fitted  to  absorb  and  destroy  tbe  escaping  gas*?s  ami  impurities.  It  i» 
undoubtedly  a  most  efficient  article,  and  it  has  tli<»  additional  advantage 
of  cheapness.      But  its  use  is  objected  to  on  the  ground  that  it  obstructs 


Fio.  Ki.— Han-bole  for  pipe-Mwcn. 

th©  free  circulation  of  air,  which,  after  all.  is  llie  great  object  to  he  at- 
tained. The  charcoal  becomes  aaturated  with  moisture  and  covered  up 
with  dust  from  the  streets,  and  is  thereby  rendered  inoperative,  so  far  as 
its  special  action  is  concerned,  and,  moreover,  it  forms  a  barrier  to  tlic 
circulation  of  air  into  and  out  of  the  sewer.  For  these  reasons  the  plan 
is  gradually  being  abandoned,  though  it  still  has  some  firm  advocates,  >Ir. 
Latham  being  among  the  number.  The  misuse  of  charcoal  ventilators  is, 
doubtless,  one  reason  why  these  appliances  have  come  into  disfavor. 
Latham  says  "that  it  shtnild  \m  \ionw  in  mind  in  using  charcoal,  that 
whenever  it  is  used  it  shoulii  be  so  arrangeil  as  not  to  obstruct  natural 
ventilation,  and  it  should  be  kept  perfectly  dry,  for  it  loses  its  |iower  if  it 
gets  saturated  with  water."  These  are  the  difficulties  which  in  practice 
it  is  not  so  easy  to  overcome,  and  hence  the  disposition  to  dispense  with 
the  use  of  charcoal  in  street  sewers. 

Fig.  34  repr*?j*ents  tfie  plan  adopted  by  Mr.  Rawliimon,  and  which  has 
frequently  been  brought  into  use.  The  man>hole  is  seah'cl  with  a  niovabki 
iron  cover.     Across  the  shaft  are  two  trays  of  charcoal,  through  which 
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the  wwor-ftir  |>n»>M>s  into  ihp  side  ventiUting*ch»inber  and  Micapes  throoglll 
the  grated  opening  above.     At  the  bottom  of  this  chamber  is  a  apace  io- 

tcnAcd  to  receive  anjr  solid  mat4» 
rials  that  tnay  paaa  ihrougli 
grate.  The  flap  at  tbe  discfaarg«1 
end  of  the  sewer  compels  the  gases 
to  escape  by  the  openii^  above  in- 
stead of  traversing  tbe  sewer  from 
a  luwer  to  a  higher  elevation. 
The  charcoal  is  used  in  masbr  f^^ 
therefore  iiiterferv«  with  ventila- 
tion. The  position  of  the  travs  i« 
alsoobjectionablf^f  since  thi-v  bsvi* 
to  be  removed  whenever  tbe  man- 
hole is  used  for  exantination  of  the 
sewer.  The  other  plan  adopted  by 
Mr.  Rawltnaon,  where  the  acrprn 
is  pUceil  vertically  between  the 
man-hole  and  ventilating  shaft,  is 
preferable  nn  this  neoount. 

Otlier  fc>rni»  uf  cliarvoal  sewer- 
•H^tH  tt«ci  MXs^F      ventilators  have  been  devised,  but 

none  of  them  are  irva  froui  thi?  ob- 
jections already  allude^l  Ifi,  The 
form  intrctduced  by  Mr.  lAtham, 
in    1S(j9,    combines    tliu   ^rvatetit 
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number  of  advantages,  and   hss, 
therefore, .  been     very    gitnermlljj 
adopted  by  engineers,  where  it  has  been  deemed  necessary'  to  use  *om«* 
form  of  charcoal  ventilator.     Reference  to  Kigs.  35   and  3€  will  explain 
the  action  of  this  vcutilaior,     Tlie  frame,  a,  receives  the  cover,  <?,  and  tu 
its  uoder-siirface   arc   attached   the   dirt-box,  d,  and  charcoal  vcntilslur. 
The  centre  cover,  (?,  (filled  in  with  woml,  conon-te,  or  hsjiIimU)  prot^^ta. 
the  charcoal  from   rain,  or   from  water  used   for  sprinkling  the  stnH'ts. ' 
Around  this  solid  cover,  C,  is  tho  open  grating,  y,  by  which  air  escapi'S 
from  the  sewer,  or  is  drawn  into  it.     The  dirt-box,  rf,  hangs  under  this 
grating;  »*•  is  an  open  h]>iral  trough,  used  for  conveying  the  uvorflow-walef 
from  the  dirt-box  lo  the  iscMfcr.    The  B])iral  tray,  t,  representctl  by  Kig.  31, 
is  made  of  galvanized  iron,  in  order  to  protect  it  from  the   action  of  iIm 
sewer*gases.     After  being  filled  with  charcoal,  the  tray  is  screwed  intu 
the  ventilator  over  llie  Bplrul  trough,  >',  by  means  of  the  handle  /i.     To 
use  Mr.   T^ttiam's   words,   "The  advantages  of  iliis  ventilator  are:    lit. 
That  should  tlie  charcoal  concrete  in  the  tray,  or  if  its  pores  are  »top|)cJ 
with  dust,  no  impediment  is  offered  to  ventilation,  as  there  exists  a  Crrs 
Gommuniuation    between   the   sewer  and  the  external  atmosphere.     "iA. 
That  the  charcoal  is  completely  protected  from  rain   or   water  entering 
the  ventilator  or  leuking  through  the  joints  uf  the  cover,  cun»iH(ueiitIt 
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H  will  retain  its  f'fficifincy  for  a  long  period.  3d.  That  the  passage  pro- 
vided for  the  overflow-water  from  the  dirt-box  i»  not  dej>einK*nt  upon 
traps  or  any  other  uncertain  device  needing  assistanoe  to  nmintnii!  it  in 
perfect  working  order.     4th.  The  escaping  vapors  ore  all  brought  in  con- 
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tact  with  the  charcoal,  it  being  iin[xisaiblo  for  any  to  esca[)e  by  the  sides 
of  the  tray  or  in  any  other  way." ' 

The  charcoal  us^ed  in  this  form  of  ventilator  is  broken  to  about  the 
size  of  filberts.  It  is  advantageous  to  reinuve  it  about  once  a  tiiurith,  and 
to  prepare  it  for  further  use  by  reburniiig  in  iron  retorts,  atinosplieric  ait 
being  excluded  during  the  process.  The  total 
cost  of  the  management  of  these  ventilators 
in  Croydon,  including  reburning,  Jabor,  etc., 
amounted  to  one  dollar  and  tweuty-five  cents 
per  annum  for  each  ventilator. 

Notwithstanding  the  advantages  claimed 
by  I-atham  for  this  kind  of  ventilator,  the  ver- 
dict of  the  most  experienced  engineers  is  now 
pronounced  against  its  general  use.  Charcoal 
is  "so  often  an  evil  rather  than  a  benefit,  that, 
&B  a  rule,  it  shouhl  be  dli^oarded  frnni  sewernge 
Byrtenis"  (Denton).  .\ny  device  which  ob- 
structs the  fre<?  circulation  of  air  into  and  out 
of  the  sewer  is  objectionable.  The  greatest 
possible  (iitutioH  of  the  sewcr-oir  is  the  object  to  be  aimed  at  in  aewer- 
VMntilation,  and    this  can   be   best  attained  by  providing,  as  Ims  been 


already  reconnnended,  a  Kuflicient  number  of  (j|M?ning!»  at  man-holfs  and 
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lamp-holes,  and  by  means  of  shafts  carried  from  Ihe  sewer  up  to  the  level 
of  the  street. 

Ilo^tge-drainage. — No  system  of  house-drainagocan  be  said  to  be  com- 
plete that  does  not  insure  the  rapid  and  thorough  removal  of  all  liquid 
refuse,  waste-water,  and  faecal  matter  without  leaka^  by  the  fray,  and, 
at  the  same  time,  prevent  the  entrance  of  air  from  the  sewer  or  from  tb« 
drain-pipes  into  the  house.  As  a  rule,  these  ohjeots  are  very  itnporferlly 
attained,  either  on  aooount  of  faulty  construction  of  the  dniina(re  arntngv- 
mentiif  or  from  defects  in  the  plan  of  the  works,  or  from  their  subsequent 
improper  management.  It  is  not  intended,  in  this  place,  nor  is  it  ne^^W' 
sary,  to  give  a  detaifed  account  of  all  the  varied  applianr*^  which  are  in 
use.  It  will  suflicc  if  the  correct  principles  be  stated  upon  which  th<'j»r 
important  sanitary  works  should  be  based,  and  the  best  means  pointed 
oat  by  which  these  principles  are  to  be  carried  Into  effect,  ao  that  tb« 
evils  which  inevitably  result  from  a  bad  system  of  house-drainage  may  be 
avoided. 

Tlie  house-pipes  which  receive  the  waste  matters  from  water-closets, 
sinks,  baths,  etc.,  and  empty  into  the  private  sewer  or  drain-pipe  which 
connects  with  the  common  sewer,  are  made  of  iron,  lead,  or  earthenware. 
The  drain-pipes  are  usually  made  of  glazed  stoneware  or  earthft/iwarf. 
Iron  pipes  are  sometimes  used,  and,  when  well-made,  and  of  proper  ibick- 
nesB,  and  carefully  laid»  they  form  a  very  serviceable  conduit.  Briok 
drains  and  porous  earthenware  pi|>es  arc  always  to  be  discardecL  ^^J 

Glazed  stoneware  or  earthenware  pipes  are  to  be  preferred  for  houw^^| 
drains.  In  laying  these  pipes,  especial  care  must  be  taken  to  make  the 
joints  thoroughly  watertight,  so  as  to  prevent  the  escape  of  the  liquid 
sewage  into  the  underlying  soil,  and  the  collection  of  sediment  in  tfar 
pipes,  which  will  ultimately  choke  them.  The  pipes  should  be  laid  in 
well-puddled  clay.  Iii  loose,  dry  soils  a  broad  bed  of  concrete  will  give 
better  results. 

in  new-made  ground  it  will  be  necessary,  in  order  to  avoid  disarrange- 
ment and  leakage  of  the  pi|}es,  to  use  piles  in  addition  to  the  ooncretr; 
or  support  and  stability  may  be  secured  by  laying  the  drains  upon 
sustained  by  piers  of  brickwork. 

In  very  wet  soil,  the  use  of  the  compound  drain-pipe  and  subsoU-pipe, 
Bhown  at  Fig.  10,  will  answer  every  purpose.  Joints  packed  with  tarred 
gasket,  and  then  bedded  in  cement  or  concrete,  are  not  only  rcndcro^l 
watertight,  but  they  prevent  the  penetration  of  the  roots  of  trees  and 
shrubs,  which,  if  admitted,  speedily  choke  the  pipes  and  make  them  tuo- 
less.  Coating  the  joints  with  coal-tar,  or  packing  them  with  asphalt,  b 
also  said  to  prevent  the  entrance  of  roots  of  trees. 

Drain-pipes  should  not  be  laid  inside  the  bouse.  If  this  cannot  br 
avoided,  every  precaution  must  be  adopted  to  prevent  any  escape  of  sower- 
air  or  liquid  Jillh  from  the  dr;iin.  It  is  recommended  thai  the  pipoa  be 
placed  in  a  position  easily  accessible.  They  should  be  embedded  in  ooa- 
Crete,  and  provided  with  means  of  inspection  without  disturbing  the  invert. 
**  Access-pipes  "  are  now  made  for  this  very  purpose,  and,  when  carefully 
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laid  and  jointed,  uUov  no  escape  of  their  contents.  Two  kinds  of  access* 
pipes  are  sbo^vn  iit  Fig%  20  and  *il.  Fiy  inserting  one  of  these  pipes  at  in- 
tervals of — say  ono  to  every  ten  ordinary  pipes,  the  whole  drain  is  brought 
under  control,  and  may  be  cleaned  by  means  of  flexible  bamboo  or  jointed 
rods,  without  disturbing-  the  bed  of  the  drain.  Parkes  advisfs,  in  all  cases 
where  the  drain-pipe  must  pass  under  the  house,  that  it  is  much  better  to 
place  it  above  the  basement  floor  than  beneath  it,  and  to  have  it  exposed 
throughout  its  course. 

Where  the  drain-pipes  pass  through  or  under  the  foundation  walls,  it 
is  recommended  always  to  turn  a  relieving-  arch  over  them,  otherwise  tho 
weiglil  of  the  superstructure  may  cause  them  to  crack  or  to  open  at  the 
joints  and  leak,  with  evil  consequences,  or  the  pipes  may  be  crushed  by  a 
weight  which  they  are  not  fitted  to  sustain. 

The  course  of  the  drain-pipe  connecting  with  the  sewer  should  be 
straight,  if  it  is  possible  to  make  it  so.  When  such  a  course  cannot  hv 
obtained,  and  it  is  necessary  to  change  the  direction,  curved  pipes  should 
be  used,  such  us  are  sketched  at  Figs.  37  and  38. 


PiO.  37.~qiutt«r  bend. 
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The  tinion  of  one  drain-pi]>c  with  another,  or  with  the  common  sewer, 
should  be  effeetfid  by  a  curved  jiinctior,  arljustcd  so  as  to  deliver  tlie 
sewage  obliquely  in  the  direction  of  the  flow  of  the  main  current.  Pipes 
are  made  with  these  junctures  cast  upon  them.  There  are  a  great  many 
varieties  of  shapes,  but  only  those  forms  are  represented  in  Figs.  39  to 
45  inclusive,  which  are  best  adapted  for  facilitating  the  6ow  of  sewage 


Fia.  391 


Pia  40. 
Curved  jUDCtiuni. 
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from  one  pipe  to  another  without  danger  of  causing  sedimcTitary  de* 
posits.  These  special  pipes  are  made  with  single  and  double-curved 
or  oblique  junctions,  which  are  variously  inclined  toward  the  line  of  the 
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pipe»  to  suit  the  angle  at  which  one  drain-pipe  mar  be  joined  to  an- 
other. Square  or  right-anglod  junctions  are  also  manufactured,  but  they 
should  never  be  used,  as  they  cause  deposits  to  form  which  mov  uJti- 
mately  block  up  the  pipe  altogether.     Fig.  74  illustrates  the  manner  in 


Pio.43. 
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which  this  effect  is  producetL     The  taper-pipe,  shown  in  Fig.  40,  is  oftca 
used  when  it  is  de8ired  to  reduce  the  calibre  of  a  drainpipe.     It  is  asaal. 
to  give  the  drain-pipe  an  extra  dip  whenever  a  bend  or  a  junction  occu»l 
in  itB  course. 


Fia  4fl.— T«F<)r-pii»i 


Fia  47.— Junction- block. 


The  communication  of  the  drain-pipe  with  the  common  sewer  should 
be  just  within  the  ordinary  water-line,  and  the  junction  should  be  mad* 
by  the  use  of  a  "junction-block,"  a  section  of  which  is  shown  in  Fig.  4?. 
These  blocks  ore  made  of  stoneware  or  fire-clay,  nnd  are  placed  in  the 
walJs  of  the  sewer  when  first  constructed,  or  they  may  be  inserted  after- 
ward as  occasion  may  require.  The  branch  enters  the  sewer  in  an  ol>- 
li<|ue  direction  and  fonnsa  most  excellent  means  of  making  a  tight  con- 
nection with  the  sewer.  Ordinarily,  the  junctures  ore  inude  in  the  rudest 
possible  manner,  and,  even  when  the  work  is  carefully  executed,  more  or 
less  injury  is  done  to  the  pipe  or  &ewer,  which  may  be  only  tcmpormnlj 
remedied  by  the  use  of  cement.  Some  writers  recommend  flap-valves  to 
be  placed  at  the  termination  of  the  house-drain  in  the  ?ewer  to  exclude 
sewer-air  and  prevent  the  back  flow  of  sewagi*.  Experience  bu  proteil 
the  recommendation  to  be  unwise,  as  these  valves  are  liable  to  gft  out  of 
order,  when  they  defeat  the  object  for  which  they  are  applied,  and, 
moreover,  they  tend  to  impede  the  current  of  sewrijfe,  especially  when 
they  arc  out  of  repair.  Other  devices  are  in  use  which  more  safely  and 
successfully  attain  the  object  sought  to  be  aci-ornplishod  by  ihrae  flip- 
trap  arrangements,  the  mechanism  of  which  will  be  hereafter  explained. 

It  is  of  great  iin]X>rtance  that  the  drain-pi|)e  should  have  a  auffieicot 
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incliofttion  to  secure  a  free  and  uninterrupted  flow  of  water  from  the 
house-pipes  to  the  scwor.  Denton  says  the  velocity  should  not  be  less 
than  three  feet  nor  more  than  ten  feet  per  second.  If  less  than  three  feet 
per  second,  the  greatest  care  should  be  exercised  in  selecting  pipeA  with 
a  perfectly  smooth  interior  surface,  and  even  then  it  will  be  necessary  to 
resort  to  frequent  flushings  to  keep  them  free  from  obatructions.  Ao 
cording  to  Latham's  Tables  for  determining  the  proper  inclination  of 
drain-pipes  for  dilTerent  velocities,  the  rate  of  inclination  for  a  velocity  of 
three  feet  per  second,  for  a  four-inch  pipe  should  be  1  in  d'Z ;  for  a  six- 
inch  pipe,  >  in  137  ;  and  for  an  eight-inch  pipe,  1  in  183.  This  calculation 
is  based  on  the  assumption  that  the  pipes  are  running  full  or  half  fulU 
But  as  it  is  aetdom  iho  case  that  the  pipes  carrj'  to  the  extent  of  their 
capacity  or  even  half  of  It,  a  much  greater  fall  will  be  required  than  that 
indicated  by  the  table.  Mr.  Eassie  recomincnils  that,  as  a  general  rule,  a 
fall  of  2f  inches  or  3  inches  to  every  10  feet  be  allowed,  which  ia  about  i 
in  40. 

It  is  important  to  adjust  the  size  of  the  drain-pipe  to  the  greatest  vol- 
ume  of  sewage  required  to  be  conveyed  by  it.  As  a  rule,  drain-pipes  of 
too  great  calibre  are  used.  A  four-incli  pipe  will  bo  ample  for  the  ordi- 
nary drainage  of  a  house.  If  water-closets  are  in  use,  a  pii>e  six  inches  in 
diameter  will  be  required ;  in  fact,  a  pipe  of  this  size  wilt  be  sutBciently 
capacious  for  all  except  the  very  largest  establishments,  for  which  a  nine- 
int'h  pipe  had  better  be  provided.  When  the  drain-pipes  ure  too  large 
they  fail  to  be  aelf-cleansing,  unless  the  inclination  be  n^ade  unusually 
great. 

The  proper  management  of  house-drains  involves  tlip  use  of  appliances 
for  the  periodical  discharge  of  a  large  volume  of  water  through  the  entire 
length  of  the  pipe,  so  as  to  remove  all  obstructions  and  cleanse  the  surface 
of  the  pipe  above  tlie  usual  water  line,  which  is  liable  to  be  covered  with 
a  fungoid  growth.  In  some  systems,  the  water-closet  is  provided  with  a 
special  arrangement  by  which,  on  each  occasion  of  the  use  of  the  closet,  a 
considerable  quantity  of  water  passes  into  the  basin  and  thence  into  the 
pipe.  Another  plan  is  to  collect  the  sink-water  in  trap-tanks,  and  then  to 
suddenly  discharge  it  into  the  drain-pipe.  This  object  may  be  automati- 
cally effected  by  the  use  of  Field's  flush  tank,  into  which  a  certain  amouat 
of  rain-water  may  also  be  allowed  to  flow.  The  best  plan  is  to  provide 
tanks  above  groun<i  or  underground  for  the  collection  of  rain-waler;  or 
these  reservoirs  ma}'  be  filled  from  the  ordinary  water*supply,  and  at  in- 
tervals of  about  once  a  month  their  contents  should  bo  discharged  through 
a  free  opening  into  the  drain-pipes,  so  as  to  thoroughly  seour  them  from 
one  end  to  the  other.  It  is  advisable  to  have  these  opening  outside  the 
dwelling,  if  possible,  as,  during  the  operation,  the  sewer-air,  displaced  by 
the  rush  of  water,  will  escape  into  the  house  unless  this  precaution  is 
taketi.  The  traps  are  very  liable  to  be  emptied  by  the  flushing,  mid  it  is 
therefore  wise  to  pass  water  into  them  iminedialely  after  tUv-  operation. 

It  is  very  important  that  a  correct  plan  of  the  uiidtTgrourid  drainage 
arrangements  of  every  house  should  be  provided,  showing  the  siae  and 
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course  of  the  pijws,  the  position  of  the  beiidB,  juuetions,  traps,  anil  access- 
pipes,  the  depth  of  the  pipes  from  the  surface,  and  the  nature  of  the  soil. 
Any  alterations  subsequently  mada  should  be  carefully  noted  upon  it.  The 
landlord  should  be  required  to  furnish  a  drainage-plan  to  the  tenant  mak- 
ing a  lease;  and  such  a  plan,  properly  certttiud,  should  accompany  the 
deed  of  every  property. 

Vetititutton  and  troppint/  of  drnin-pipt:«. — Two  important  principlw 
urc  to  bo  insisted  upon  in  liousL--drainage.  The  Erst  is  the  main tcnano<« 
of  &  constant  and  ample  supply  of  fresh  air  throughout  tlie  entire  len^^h 
t)f  the  main  dniin,  and  the  8oil-pi]}c  connected  with  it;  ancl  the  ochor 
is  the  exclusion  of  »cwcr-air  by  nicHUs  of  some  kind  of  trap  arrangement 
placed  in  the  main  house-drain  just  outside  the  building.  The  former  ob- 
ject may  bo  accomplished  by  carrying  the  soil-pipe,  uf  full  diameter,  tn 
someilistance  ubox'e  the  top  of  the  house,  and  providing  it  with  a  cuwl  to 
improve  the  draught,  fresh  air  being  supplied  at  the  lowest  part  of  thp 
drain-pipe,  somewliero  between  the  outside  trap  and  the  entrance  €>f  the 
soil-pipe,  by  means  of  a  small  air-pipc  or  other  opening.  In  cold  climat4^ 
where  an  oj>ening  between  the  drain-pipe  and  the  outer  air  might  be  dan- 
gerous on  account  of  frost,  the  pipe  admitting  iTeah  air  may  be  carried 
underground  for  some  distance  to  temper  the  air  before  it  enters  the 
drain. 

A  common  plan  of  arranging  housft-draina  is  to  carry  the  pipes  directly 
into  the  sewer,  without  a  break  in  tlie  continuity,  and  without  pr^ividing 
a  means  of  ventilation,  dependence  being  placed  upon  the  small  traps  in 
the  house  to  exclude  sewer-gas.  This  is  a  most  delusive  practice,  and 
cannot  be  too  severely  condemned.  The  scwcr-gas,  when  compressed 
from  any  cause,  is  certain  to  forcu  the  small  wat«r-seahs  and  diffuse  itself 
throughout  the  house. 

An  efficient  trap  should  be  placed  in  the  main  drain  jtist  outside  of 
the  house,  to  prevent  the  entrance  of  sewer-air;  and  the  soil-pipe  should 
be  continued  to  the  top  of  the  house,  as  suggested  above.  But  this  pUn 
is  not  complete:  for  it  docs  not  insure  a  free  circulation  of  atmo«phefW 
air  through  the  house-drain.  I^st  the  sewer-air  should  be  forced  through 
the  trap,  or  be  absorbed  by  the  water  forming  the  seal,  and  emitted  on 
the  side  toward  the  house,  an  opening  should  be  made  in  the  drain-pipr 
between  the  trap  and  the  house,  communicating  with  the  outside  air,  and 
protected  above  the  surface  of  the  ground  by  a  grating,  so  as  to  form  an 
air  disconnection  between  the  house-pipe  and  the  draiu  leading  into  the 
sewer.  This  will  also  afford  a  free  circulation  of  iiir  through  the  hoasc> 
drain  and  soil-pipe;  and  any  scwor-air  that  may  pa«s  the  trap,  should  if 
not  escape  through  the  graiing,  will  he  so  thoroughly  dilutcxl  a^  to  he 
innoxious.  The  Moleaworth  trap,  Fig.  48,  illttstratea  this  prinniplc.  Uy 
this  arrangement  an  excellent  provision  is  made  for  the  diiMrharg^eof  rain* 
water,  and  waste-wulor  from  sinks,  batli^,  etc.  Tlie  smaller  wailc-pipr* 
— whicli  should  \n-  trapiH-d  insidi^  the  dwelling  to  pn^vcnt  the  cfHuvU 
from  tlic  trap  being  drawn  into  the  house — and  the  rain-water  pi|^>eji  may 
be  dischargfHl  ui>on  or  near  the  grated  oiwning,  G;  whilr  the  foul  matter* 
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from  the  water-closets  are  carried  off  by  the  pipe  I).  Tlic  pipe  D  is  con- 
tinued above  the  top  of  the  house.  Any  effluvia  arising-  frnni  the  trap,  or 
any  sewer-air  that  may  be  forced  through  the  water-seal,  will  cither  be 
discharged  through  the  grating  at  G,  or  be  diluted,  and  carried  upwani, 
and  dischai^cd  into  the  atmos- 
phere above  the  hous4^  with  the 
body  of  air  entering  at  the  grat- 
ing G. 

Another  arrangement,  ftug- 
^stcd  l)y  Professor  Reynolds, 
deservea  mention  on  account  of 
its  simplicity  and  e^Kciency.  U 
assumes  that  all  tite  drains  in 
the  house  How  into  one  pipe, 
which  should  be  the  only  ctjnncc- 

tion  between  the  house  and  the  sewer,  and  provides  for  iht?  LilTectual  trap- 
ping of  this  pipe.  This  is  a  principle  which  should  always  be  observed. 
The  device  is  illustrated  by  FigT".  4!)  and  o(>.  itnd  is  deacrilwd  as  follows: 
**  A  man-liole  or  shaft  is  sunk  from  the  surface  to  the  pipe,  the  floor  of 
the  man-hole  being  about  two  feet  above  the  bottom  of  tho  drain.  Across 
this  floor  there  is  an  open  trough  which  takes  the  place  of  the  pipe;  this 
is  about  two  feet  deep,  and  of  the  same  width  as  the  pipe.  The  ends  of 
the  pipe  which  arc  connected  with  the  trough  ui-i;  (as  shown  in  the  dia- 
gram) so  depressed  that  the  water  stands  in  the  trough  about  half  an 
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Reynolds'!  man-hole  uul  trough,  and  raiD-«pout  opening  over  trough. 


»neh  above  the  orifice  on  the  sewer  side,  and  an  inch  above  tht  mouth  on 
the  house  side.  In  this  way  a  trap  is  fonnetl  which  effectually  closes 
both  the  house  and  the  sewer  from  the  man-hole,  and  doubly  closes 
the  house  from  the  sewer.  And  if  care  is  taken  to  arrange  the  oriflces 
nf  the  ]iipes  in  the  man-hole  a«  rftconmicndnd,  it  will  not  be  possible  for 
ibe  water  to  be  sucked  out  of  the  trap,  should  tlie  pipe  run  full.  The 
man-nole  affords  a  ready  means  of  examining  or  cleansing  out  the 
trap,  but  in  order  to  prevent  a  scum  from  forming  on  the  surface  of 
the  water  in  the  trough,  the  pipe  from  a  roof-spout  may  be  arranged 
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00  «s  to  diachargo  itself  on  to  the  top  of  the  trough,  aa  afaowa  id  the 
diagram." ' 

Tho  same  principle  may  be  earned  out  in  a  simpler  manner  by  uaiog 
a  special  eartbeiiwarn  or  iroa  trap,  as  represented  at  Fig.  51.  A  pipe  is 
inserted  in  the  centre  of  tho  srphon  and  carried  straight  up  to  the  surface 
of  the  ground  where  it  may  be  protected  by  a  grating,  or  it  may  be  con- 
tinued to  the  top  of  the  house,  if  desirable,  but  in  no  ease  should  the  rain- 
water pipe  be  utilized  £or  this  purpose,  for  when  most  needed  for  ventila- 
tion, viz.:  at  the  time  of  a  storm,  it  will  be  wholly  employed  in  itaowii 
specific  work.  Between  tho  water-seal  and  the  grating  at  the  surface 
there  should  be  a  sido  junction  in  one  of  the  pipes  near  the  top  of  the 
shaft  for  the  discharge  uf  rain-water  or  waste  water  from  the  house,  simi- 
lar to  the  arrangement  shown  in  Figs.  4!l  and  50. 

There  are  a  great  many  simihir  arrangements  for  disconnecting  drain* 
pipes  outside  the  house,  but  tho  exanip!(>s  furnished,  which  are  smoog 
the  best,  will  answer  to  explain  their  construction  and  thoir  utwui. 

The  opening  of  the  drainpipe  to  the  outer  air,  after  tho  manner  just 
alluded  to,  may  possibly  be  the  cause  of  a  nuisance,  especially  if  the  o|»en- 
ing  be  near  a  window.  It  may  bo  desirable,  therefore,  to  make  u»e  of 
some  plan  for  disinfecting  tho  air  escaping  from  these  openings.    Various 
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devices  are  in  use  for  accomplisliing  this  purpose.  The  anoompanyinff 
diagram,  Fig.  62,  copied  from  Eassie,'  illustrates  a  very  simple  derice  fnr 
deodorizing  the  luipleasant  smells  by  providing  a  charcoal  tmy  fitted  in 
the  vnntilating-sliaft  above  the  surface  of  the  ground.  The  r/Quvia  fnini 
the  drain,  D,  are  intercepted  at  the  mouth  of  tho  upright  pipe,  plac<-<l 
over  the  syphon  trap,  A,  and  are  conipHllod  to  pass  through  the  ciiarcool 
in  tho  tray  under  the  earthenware  cap  at  B,  before  escaping  into  thf 
outer  air,  and  are  thereby  robbed  of  their  offcnsiveneas.  Two  other  plani 
for  ventilating  drain-pipes  are  shown  at  Figs.  M  and  54.  Charcoal  is  the 
deodorising  material  used  in  both  these  oontrivaucea.  In  the  Brook* 
ventilator  the  charcoal  is  deposited  in  mass  in  the  tray,  T^  ptaoed  upuu 
the  top  of  the  vciitilating-pipe.  Any  foul  gas  entering  the  upright  sliaft 
must  pass  through  tho  porous  charcoal  before  escaping  into  the  op«<n  alc 
The  tray  is  conveniently  located,  and  can  bo  removed  with  the  greattvi 


'  Rejnolds:  Sewer-Gait,  ote.,  LoDdou,  187<1.  p.  13. 
'  Sanitaiy  ArraugomenU  for  Dwallii^:!,  1874.  p.  39. 
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ease.  Thia  form  of  ventiUtor  is  much  used  in  England.  The  arrange- 
ment represented  by  Fig.  54  is  an  invention  of  Mr.  Latham.  The 
principles  of  its  construction  and  the  advantages  it  possesses  have 
already  been  explained  tn  connection  with  sewer  ventilation.  This  par- 
ticular form  is  well  adapted 
for  the  ventilation  of  sewers  in 
courts,  alleys,  narrow  streets, 
and  confined  places.  The  lid  is 
kept  perfectly  tight  by  a  sand- 
trap,  or  an  india-nibber  joint. 
The  outlet  of  air  from  the 
sewer  or  drain,  after  it  has 
passed  the  charco&l  trays,  is 
through  the  venttliitiiig-pi]>«% 
which  is  carried  above  the  top 
of  the  adjoining  houses.  If 
from  any  cause  the  charcoal 
is  neglected,  the  sewer-air  will 
pass  through  this  pipe  and 
he  diffused  in  the  atmosphere 
without  causing  any  annoy- 
ance. 

If  the  ventilating-pipe  is  not  required,  a  grated  opening  may  be  sub- 
stituted for  the  solid  lid.  This  parti<?ular  form  of  ventilator  is  well 
adapted  for  use  in  drain-pipes  of  large  public  buildings,  or,  wherever,  on 

account  of  the  great  length  of 
the  drain,  foul  gases  are  liable 
to  form  in  large  quantity.  By 
all  of  these  arrangements  the 
rain-water  is  excluded,  while 
all  the  gases  riuing  from  tlm 
drain  are  compelled  to  pass 
the  barriers  formed  by  char- 
coal. 

It  '\H  a  common  practice  to 
ventilate  drain-piiies  by  means 
of  rain-water  pipes.  We  have 
already  shown  why  they  can- 
not bo  depended  upon  to  ]>er- 
form  this  service  when  most 
needci'1,  that  is,  during  storms. 
They  do  act  at  otlier  times. 
The  more  efficient  they  are  as 
ventilators,  the  more  dangerous  are  they  as  disseminators  uf  foul  air,  \>y 
r«ason  of  their  openings  being  placed  under  the  eaves  of  houses,  fre- 
quently close  to  open  windows.  In  certain  cases  they  may  be  used  with- 
out objection,  but  these  cases  should  be  well  selected.     Haln-water  pipes 
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arc  very  frcqucutly  conneoted  with  drains  to  prevent  the  nuisance  eatuei) 
by  the  flow  of  water  uver  the  sidcwjtlk,  and  tltc  ronnatioa  of  ice  in  oold  j 
weather.     Where  this  Ib  the  sole  object,  the  practic*   may   be   allowed^ 
providedj  however,  that  the  drains  be  thoroughly  ventilated  from  some 
oth&r  source. 

It  has  been  reoummeuded  that  house-drains  be  ventilated  by  mearui  of 
chimney  flues,  but  this  plan  should  never  be  adopted.  There  is  no  cer- 
tainty of  a  constant  up-draught  in  the  flue,  and  besides,  bricks,  of  whiL'h 
the  chimneys  are  constructod,  being  porous,  will  absorb  the  sewer-air,  and 
in  time  become  verj*  offensive. 

Eassic  refers'  to  a  system  "in  praotice  for  ventilating^  the  house-drains 
by  leading  a  junction  from  the  drain-pipe  to  the  back  of  fire-j^rates  nr 
kitchen  ranges,  at  which  places  a  fire-brick  chamber  is  formed,  where  ihe 
air  can  be  rarified,  and  tlien  takinir  a  nivtal  pi]ic  from  this  <thanil>er  up  to 
the  house-top."  Ho  is  opposed  to  this  plan,  since  it  encourages  the  prac- 
tice of  laying;  the  house-drains  under  the  dwelling.  This  objection  is  not 
a  valid  one,  hs  the  inlet  pipe  attached  to  the  air-brick  of  the  range  can  bv 
made  as  tight  as  a  gus-pi|H\  and  may  be  made  to  connect  with  the  oorami'in 
drain  outside  of  the  building  without  impairing  its  etlicieiicy.  There  t» 
often  no  other  way  of  gaining  access  to  the  common  aewer  ex«;«»pt  bv 
means  of  pipes  laid  under  the  dwelling.  In  cities  this  course  for  the  drain 
is  by  far  the  most  common  one.  Many  houses  have 
no  rear  outlet ;  others,  more  favorably  situat<*d  in 
this  respect,  can  make  no  use  of  the  advantagi*  on  ac* 
count  of  the  absence  of  sewer  facilities  in  the  bacli 
street;  then  again, some  of  the  finest  residences  bave^ 
their  bath-rmims  and  water  closets  in  the  centre  of  ihr 
house — a  most  pernicious  practice — so  that  the  drain- 
pipe must  necessarily  He  under  a  portion  uf  the  build- 
ing. If  the  pipes  are  of  the  beM  material  and  the 
drains  are  constructed  in  the  best  manner,  the  dangvr  ' 
from  this  source  is  reduced  to  a  minimum.  Tin?  evil, ' 
if  it  may  be  called  such,  exists;  and  as  it  is,  in  mtM 
cases,  next  to  impossible  to  reconstruct  the  entire  drain- 
age arrangcmrnts,  it  is  the  duty  of  the  saniiar}'  engi- 
neer to  devise  some  plan  to  Hvcrt  the  dangers  of  thi* 
system.  A  plan  recently  devised  and  |mtented  by^lr. 
Rand,  of  Philadelphia,  for  ventilating  house-drains  in 
the  niaitniT  above  alluded  to,  will  inaure  complete  vfji- 
tilatton  of  the  entire  house-drainage  system,  providttl  ^ 
all  the  other  parts  aru  properly  co-adapted  thereto. 
Fig.  55  represents  a  section  of  a  hollow  cast-iron  box  intended  to 
supply  the  place  of  an  ordinary  fire-brick  in  the  kitchen-raogn  c»r  irtove. 
it  is  made  perfectly  tiglit,  and  of  suflicicnt  thickness  to  resist  the  de«trur- 
live  effects  of  the  tire  to  which   it  is  directly  exjKwed,     At  one  end  i» 
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attacfa«d  the  inlet  pipe  A^  and  at  the  other,  t)ie  outlet  pipe,  Ji.  The* 
box  is  provided  with  a  number  of  partitions,  C,  which  extend  not  quite 
across  the  air-chamber,  the  object  being;  to  create  a  sinuous  course  for  the 
air,  so  as  to  expose  it  to  as  much  heating  surface  as  possible.  The  radi- 
ating surface  is  still  further  increased  by  mnana  of  metal  points  projecting 
from  the  sides  of  the  air-chamber.  With  a  slow  fire  the  temperature  of 
the  air  in  the  outlet-pipe,  four  feet  distant  from  the  rang^e,  has  been  found 
by  actual  test  to  reach  IiIOO^  F.;  with  a  hot  fire  the  temperature  has  risen 
to  600°  F.   The  air  from  the  main  drain-pipe  enters  by  the  pipe  Ay  paflses 
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Pl&  M. — Rftiiil'a  8yiit«m  of  hoiue-dnui  ventiUtian. 


in  the  direction  represented  by  the  arrows,  and  is  discharged  by  the  pipe 
M.  A  coiled  pipe  is  sometimes  substituted  for  the  air>box.  A  special 
heater  may  be  constructed,  if  necessary. 

The  plan  of  operation  of  this  device  is  illuKtratetl  by  the  diagram,  Fig. 
6C.  The  location  of  the  bath-room  and  water-closet  is  such  as  is  fre- 
quently adopted  in  city  houses  in  this  country.  As  will  be  seen  by  the 
diagram,  all  the  pip<-s  throughout  the  liuuse  are  provided  with  IrapM.  Tit 
addition  to  this  safeguard,  the  precaution  is  taken  t<j  vt^ntilate  tlie  piin- 
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cip^i  traps  them8«lv-e«  by  means  of  special  pipes  running  to  tbo  top  of 
the  house.  The  dr&in-pipe  is  tnip|>e<l  between  the  house  and  the  acwcr 
in  the  ordinan'  manner,  and,  at  its  other  extremity^  is  connected  by  meant 
of  a  curved  bend  with  the  5oil-ptpe,  which  is  continued  upward,  at  » 
diameter  of  not  less  than  four  inches,  and  opens  into  the  air  above  th* 
top  of  the  house.  Into  the  eoil-pipe  are  emptied  all  the  house-mates 
except  the  sink-water,  which  passes  directly  into  the  drain*pipe.  The 
main  drain  is  tapped  between  the  soiNpipe  and  the  outside  trap^  as  neai 
to  the  latter  as  possible,  by  a  two-inch  wrought-iron  pipe  (provided  with 
gas-tight  joints),  which  is  carried  upward  and  joined  to  one  end  of  the 
iron  box  in  position  in  the  range  (Fig.  55,  A).  From  the  other  end  of 
this  box  (Fig.  55,  H)  a  similar  pipe  is  carried  upward,  through  the  chim- 
ney flue,  to  a  point  at  or  near  its  top. 

By  the  suction  power  of  the  hot-air  box,  the  air  is  forcibly  drawn  down 
the  soil-pipe,  through  the  drain-pt|>e  and  vuntilating  tube  into  the  hot-air 
chamber,  and  is  thence  forced  upwards  through  the  wrought-iron  venti' 
lating  tube,  and  discharged  into  the  atmosphere  above  the  house,  thii* 
constantly  maintaining  an  active  circulation.  The  tube  All,  Fig.  56,  i* 
exposed  for  rleariiess  of  description;  it  should  pass  directly  bmckward 
from  the  box  into  the  kitchen  Hue. 

It  i.s  claimed  that  the  scwcr-air  is  rendered  innocuous  by  exposure  to 
so  high  a  degree  of  heat,  and,  therefore,  when  discharged,  can  cause  no 
nuisance  whatever.  Sliould  scwcr-air  escape  through  the  trap  placed  oat- 
side  the  house,  it  will  immediately  be  drawn  into  the  ventiUting  tubo  sod 
hot-air  box,  without  gaining  access  to  the  soil-pipe  with  which  tbe  other 
house  pipes  communicate.  This  plan  provides  a  constant  supply  of  fresh 
air  to  all  the  house  pipes  and  to  the  drain-pipe,  relieves  the  traps  from 
pressure  from  below,  and  provides  for  the  destruction  of  the  poisonous 
properties  of  the  sewer-air. 

Sink  and  irast^-watt^r  pipes.— Tht^.&a  pipes  are  usually  made  of  lead,  s* 
it  seems  to  be  the  most  serviceable  material.  They  are  oithej-  connected 
with  the  soil-pipe,  or  made  to  discharge  iu  the  open  air  over  a  grating. 
The  Knglish  authorities  advise  that  they  should  never  be  connected  di- 
rectly with  the  drain-pipe,  but  should  open  outside  the  house  over  the  grat- 
ing of  a  trap  or  gully,  through  which  the  waste  water  puses  into  the  trap, 
and  thence,  through  the  private  drain,  into  tlie  sewer.  In  this  manners 
complete  air-disconnection  is  provided  between  the  waste-pipes  ami  the 
drain-pipe.  This  plan  is  well  illustrated  by  Fig.  48.  The  outlet  pip» 
under  the  sinks,  wash-bowls,  baths,  etc.,  should  always  be  trapped,  to  svoiil 
any  accidental  influx  of  foul  air.  This  method  of  air-disconnection  should 
be  applied  wherever  the  climate  will  permit  it.  In  many  parts  of  thi» 
country  its  adoption  would  be  attend^'d  with  tbe  greotest  aniioyanro  on 
account  of  the  action  of  frost.  It  has,  therefore,  been  usual,  in  plaws* 
where  the  winters  are  severe,  to  connect  the  waste-water  pipes  with  tlx" 
soil-]>i[>e8,  depending  on  wnter  traps  to  exclude  the  sewer-air.  When  i\\* 
lead  waste-pipes  enter  the  iron  soil-pipes  the  greatest  cjire  should  lie  taken 
to  make  the  joints  solid  and  secure;  the  use  of  glazier's  putty  in  never 
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admissible.  There  is  also  the  most  urgent  necessity  for  eflicient  soU<pipe 
ventilation,  which  may  be  securod  by  some  one  of  the  plans  already  sug- 
gested. 

Stationary  wash-stands  in  sleeping  apartments,  when  the  outlet  pipe 
is  connected  with  the  soil-pipe,  cannot  be  too  strongly  condemned.  If 
these  conveniences  arc  required,  the  wuate-pipes  should  always  be  made  to 
discharge  in  the  open  air  and  not  into  the  soil-pijw  or  drain^pipe.  They 
may  be  discharged  near  the  grating  of  a  fluuh-tank  or  gully  connected 
with  the  drain-pipe. 

Special  provisicin  is  needed,  in  souic  eases,  for  ibe  disposal  of  the  wast© 
water  from  the  kitclien  and  scullery  sinks.  The  grease  discharged  with 
the  kitchen  slops  should  be  kept  out  of  the  drain-pipe,  if  possible,  to  prc- 
vevt  the  serious  inconvenience  it  ocoasiona  by  adhering  to  the  sides  of 
the  pipes  and  clogging  the  channel. 

Ordinarily,  the  water-pipes  from  the  kitchen  and  scullery  are  connected 
with  the  soil-pipe,  or  with  the  main  drain,  and  the  frequent  discharge  of  hot 
water  is  relied  upon  to  keep  them  clean,  or  to  remove  the  grease  when  llie 
pipea  become  choked  up.  Tanks  may  be  used  to  intercept  and  collect 
grease  and  other  substances  from  the  water  on  its  passage  to  the  sewiT. 
These  tAnks  aro  made  of  brick,  stoneware,  or  iron.  Their  proper  location 
is  outside  the  house-     They  are  made  to  connect  with  the  main  drain  by 
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a  trapped  outlet,  and  are  provided  with  ventilation  by  means  of  a  pi|)e 
running  uj»  the  exterior  wall  of  the  house,  with  an  outlet  above  it.  Mr. 
Philbrick  describes  '  a  sini]ilu  forni.  Fig.  57,  made  of  brick,  laid  in  hydrau- 
lic cement,  and  plastered  smooth  on  the  inside.  The  inlet-pipe  opens 
some  distance  from  the  water-line,  so  as  -to  prevent  the  clogging  of  the 
pipe  with  grease.  Thn  outlet-pipe  is  curved,  in  order  to  facilitate  the  otii- 
flow  of  the  liquid,  and  its  mouth  is  placed  about  one  foot  below  the 
water-line.     A  vent-pipe  is  arranged  to  pass  up  the  side  of  the  house,  aa 

'  Seventh  Beport  of  State  Board  of  Health  of  XoHwdnaetto,  1876,  p.  448. 
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before  doscribod.     The  gre&ee  ooUeot«  on  the  uurfaoo  of  the  wB,t«r,  And 
may  be  removed  &t  the  time  of  cleaning^  the  tank. 

Field's  flush-tHtik  is  a  rer\'  convenient  form  of  intercepting  tank.  It 
is  automatic  in  its  aetion,  and  can  be  used  for  flushing  the  main  dr«in- 
pipe.  Mr.  Denton  gives  the  following  dencription  of  the  apparatus,  which 
18  here  illustrated  by  Fig.  bH.  It  "  consists  of  a  cyiindricai,  wator-tigtit, 
iron  or  stoneware  tank,  A.  This  tank  baa  a  trapped  iulet,  H  (which  also 
forms  a  movable  cover  to  give  access  to  the  interior  of  the  tank),  and  a 
socket,  C,  for  a  ventilating  pipo-  The  outlet  consists  of  a  syphon,  D,  *o 
arranged  that  nu  disoliargi*  takes  place  till  the  tank  im  completely  filled 
with  Uquidf  when  the  syphon  is  brought  into  action,  and  the  contents  are 
immediately  discharged.  The  inner  end  of  the  syphon  is  protected  by  • 
strainer,  ^^  to  hold  buck  grease,  etc.;  and  at  the  outer  end  enters  a  dis- 
charging trough,  J^f  which  is  made  to  turn  round  so  that  its  mouth  may 
be  directed  as  required  to  connect  the  tank  with  the  line  of  outlet-pipes, 
G,  This  trough  has  a  cover,  which  can  be  removed  to  give  access  for 
cleaning.  In  this  contrivance  the  liquid  refuse  from  the  house-sinks  ii 
discharged  on  to  the  grating."  The  soiUpi  pes  from  water-clusets  should  not 
be  allowed  to  empty  into  these  receptacles.  Other  kinds  of  tanks  are  in 
use;  but  the  two  varieties  described  above  are  sulHcient  to  illustrate  lhi» 
principle  u[>on  which  they  are  usually  constructed.  When  exposed  to 
severe  frosts,  these  appliances  arc  apt  to  have  their  functions  interfered 
with;  but  the  difficulty  may  be  overcome,  in  most  cases,  by  sinking  the 
receptacles  at  a  proper  depth  in  the  ground. 

House-traps^  sinA'-frttj/s,  tic. — There  appears  to  be  scarcely  any  limit 
to  the  variety  of  appliances  used  for  the  purpose  of  excluding  from  our 
houses  the  foul  air  generated  in  drain-pipes  and  sewers.  Some  of  thcM 
have  already  been  described. 

The  simplest  form  is  tlie  syphon-trap,  illustrated  by  Fig.  59.     If  pp 
erly  constructed,  well  laid,  and  frequently  flushed  out,  it  forms  otifi  of  tho 


Flo.  GO. — Common  «}-phoB-trap. 


Pic.  CO.— Inlrt  ■rpbnn.Uap. 


best  bouse  drain-traps  in  use.  To  add  to  its  efficiency,  a  junction  shooU 
be  provided,  as  shown  at  Fig.  GO,  so  as  tn  furnish  a  means  for  iiispcctinp, 
cleaning,  and  ventilating  the  trap.  A  frequent  cause  of  inefficiency  o( . 
traps  lies  in  their  mode  of  construction.  If  the  depression  ia  loo  shallow, 
the  level  of  the  water  in  the  curve  will  not  be  high  enough  to  block  the 
passage  of  air  from  the  pipe  below  it.  But  even  when  the  drpmtioa 
is  sufficiently  deep  for  this  purpose,  the  trap  may  bo  emptied  by  ihn 
syphon  action  of  the  pipe  beyond  it,  especially  when  the  latter  bas«i 
great  and  sudden  fall.     This  may  be  remedied  by  making  the  pipe  hrg* 
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to  prevent  its  running  full,  or  by  making  the  trap  of  a  larger  suEe 
tlmn  the  pipe  itself.  A  good  trap  may  become  useless  by  being  improp- 
erly laid.  Traps  also  become  ineffective  from  want  of  proper  manage- 
ment. As  water  ta  depended  on  to  block  the  passage  of  the  sewor-air,  it 
is  plain  to  »ee,  that,  when  the  flow  isvory  infroquorit,  there  is  danger  of  the 
trap  becoming  unsealed  by  tlie  evaporation  of  the  water.  Should  the 
water  not  evaporate,  between  the  intervals  of  the  pasaage  of  sewage,  suf- 
ficiently to  unseal  the  trap,  there  is  danger  from  another  source.  Unless 
frequently  renewed,  the  water  in  the  trap  becomes  impregnated  with  sewer 
eGDuvia,  which  are  then  discharged  into  the  drain-pi|M^  on  the  house  ^«i<lu 
of  the  trap.  This  accident  may  be  prevented  by  using  a  ventilating  shaft, 
48  shown  in  Fig.  60. 

Traps  sometimes  fail  in  their  object,  on  account  of  the  pressure  of 
the  sewer*air — aided  by  the  suction-power  of  the  iioated  air  of  the  house, 
forcing  a  passagn  through  the  wuter.  Sometimes  the  water  in  the  trap  is 
displaced  by  these  forces,  though,  according  to  Parkes  and  Burdon-San- 
derson,  this  accident  is  rare  if  the  trap  be  a  good  one.  The  remedy  in 
these  cases  is  thorough  ventilation  of  the  trap  and  housD*drains. 

Trapa  become  usc]es.s  from  leakage  or  by  the  collection  of  sedimenL 
A  means  of  examination  should  always  be  provided,  so  that  by  frequent 
inspection  these  difficulties  may  be  prevented  or  corrected. 


Fro.  61.— BarthenwaM  irphOD  sink-tnp. 


FlQ.  62.— VeDtlt«t«d  Bj-phira-tnp. 


A  common  form  of  sink-trap  is  shown  at  Fig.  61.  It  would  be  safer 
if  provided  with  a  ventilating  tube  connected  at  A,  and  leading  to  the  ex- 
terior of  the  house,  similar  to  that  represented  at  A  in  Fig.  G2.  Dell- 
traps  should  not  be  used  indoors,  since  the  cover,  with  the  inverted  cup 
attached,  is  apt  to  be  removed,  in  which  case  the  obstruction  to  the  pass* 
age  of  sewer-air  into  the  room  no  longer  exists.  Another  form  of  sink- 
trap,  and  a  very  good  one,  is  that  represented  by  Fig.  fj3.  Should  the 
cover  be  removed,  the  trap  will  still  be  sealed.  These  traps  are  sotnetinies 
arranged  so  that  they  can  be  looked,  to  prevent  their  improper  use  fur  the 
disposal  of  refuse,  such  as  scraps  of  meat  and  the  like.  A  form  of  S  trap, 
shown  at  P^ig.  64,  is  frequently  used.  It  is  made  of  iron,  and  has  a  means 
of  access  provided  at  the   lowest  part  of  tJie  traji  for  the  removal  of  ob- 

■    stnictions.    The  inner  surface  should  be  well  enamelled  to  prevent  ojuda- 

m    tion  and  the  adhesion  of  waste  matters. 


h 
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Common  earthenware  S  traps,  u«ed  for  closets,  ore  illustrated  by  Figs. 
05  and  66.  They  are  found  to  give  satisfaction,  provided  the  soil-pipe  is 
well  ventilated;  hut  they  are  not  well  adapted  for  the  removal  of  ubstruc* 


Fia  OS.— Trap  ud  lack-gnte. 


Pia.  U. — Iron  ni)k-tn|;L 


tions,  as  they  are  not  furnished  irith  a  means  of  access  at  the  lower  part 
of  the  curve.     The   iron   traps  are  preferable  on  this  account.     Fi^.  67^ 
represents  sucli  a  trap,  which  is  provided  with  a  movable  cover  made  ; 


Pia.  03. — Earbhenvriro  eloMt-iypbon. 


Fin  fitl.s-E*Ti 


feotly  air-light  by  means  of  a  clamp  and  proper  packing.  This  form  of 
trap  is  also  made  with  an  outlet  for  lead-pipe  connection,  which  U 
trapped  by  entering  below  the  water-line.     It  may  be  used  for  the  atticb- 


Fiti.  m.—ltvn  cloMt  typliou,  with  Icad-piiM 
conncctioa. 


Flft  ff>  —Imp 
A,  iHlckct  r  : 
prpc  into  dnuii 


1  iTiuiautjfflp*! 


meut  of  tlie  waste-pipe  from  bath  or  wash-basin.     Fig.  08  rcpresi^nts  » 
trap  for  use  in  water-closets,  which,  Mr,  Kassic  says.  **embcHlits  all  th* 
requirem(>nts  of  »K>dern  times."      He  describes  it  as  follow*  :  "This  p*^J 
of  ih«  closet,  which  is  fitted  into  the  socket,  A,  is  vcnttUted  by  a  p«pt 


SOIL    Am)    WATER. 


49r 


which  joins  the  ventilating- pipe,  C,  and  goes  up  to  the  roof.  Atwo-inch< 
supply-pipe  from  the  cistern  divides  behind  the  cloaot-pan,  and  one  moiety 
enters  the  pan  above  the  opening-,  A,  whilst  the 
other  enters  the  syphon-trap  under  the  opening,  A, 
through  the  inclined  channel.  These  two  streams 
of  water  act  simultaneously  when  the  water-vaive 
n  raised,  and  scour  out  both  the  pan  and  trap  be- 
neath, down  the  pipe,  B,  into  the  drain.  Apart 
from  the  value  of  this  improved  syphon  as  a  closet 
fitting,  its  use  a.s  a  large  ventilating-sink  or  other 
trap  must  be  obvious."  ' 

There  are  various  kinds  of  traps  made  for  use  in        pio.  eo.— 8ink  tnp. 
area-sinks,  cellars,  and  yards.    They  embody  in  their 

construction  the  principles  illustrated  by  the  different  forms  already 
brought  to  notice.  A  simple  and  useful  form  is  that  presented  at  Fig. 
0$.  If  used  in  enclosed  places,  the  pipe  should  be  ventilated  in  the  cur\*e 
Ifet  .4.  The  bell-trap,  variously  modified,  is  a  form  of  trap  in  very  general 
use  for  out-door  pur^ioses.  If  the  cover  be  lightly  fastened,  and  water 
be  kept  constantly  in  the  receptacle,  it  will  answer  tolerably  well  the 
purposes  of  an  ordinary  trap.     Fig.  71  represents  a  section  of  one  of  the 


^ 


Fig.  70.  — rycTii.ii  of  bell-trap  with 
•qu&rc  receiver. 


'^'  H/  \i. 
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Pio.  71. — f-tcliLia  of  commoo  bell-txmp. 


FlO.  TJ. — iliUiNcj^h's  scntiliiLiujj  trup. 


simplest  forms.  The  variety  presented  in  section  at  Ki^r.  TO  fuis  the 
advantage  of  greater  relative  capacity  for  water^  and  is  therefore  less  apt 
to  become  unsealed  by  evaporation. 

A  good  style  of  trap  i«  that  devised  by  Mr.  Mansergh,  and  mudi  used  in 
England,  which  serves  the  double  purpose  of  a  yard  gully  and  an  outlet  for 
the  waste  water  from  the  house.  It  is  made  compwrtly  in  one  piece  of 
stoneware,  and  is  providetl  with  two  water-seals,  betvveen  which  there  is  an 
open  communication  with  the  air  by  means  of  the  grating  G,  Fig.  72. 
The  waste-water  pipe  is  sealed  by  the  trap  S,  while  the  escape  of  sewer* 
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ftir  ftt  the  gratinp  is  prevonted  by  the  bo«ly  of  watpr  W.     The  outlet  of 
the  trKji   is   at  F),  ovpr  whivli   is  a  ventilating-pipn,  V,  niuulng;  up  aboT'*  i 
the  lop  of  the  house.     The  waste-water  pijw  is   well  pnjtccliid  by  tw«>i 
water-seals.     Should  the  sewor-air  paas  the  first  seal,  which  ta  well  |)ro-| 
tected  by  the  vcntiUtin^:-pipe  so  lon^'  as  water  reniains  in  the  trap,tl  will 
escape  into  the  open  air  through  the  grating  at  G. 

before  leaving  the  subject  of  traps  wc  may  malce  uienttoii  of  a  useful  i 
inveutioii  by  Mr.  Bower,  in  the  form  of  a  syphoii-trap  with  a  ball-valv« 
combined,  and  intended  for  applicutioii  to  stationary  wush-l>owl»  and  trayv  J 
By  this  device,  exhibited  at  Kig.  73,  the  syphon  action  of  the  pipe  is  pr^-| 
vented.     A  i-cpreaents  the  inlet-pipe,  and  U  the  outlet-pipe.     The  esca^xy^ 
of  gaa  from  tho  pipe  B  is  barred,  tirst  by  the  body  of  water  in  the  recep* 
taele  or  cup  C,  and,  secondly,  by  the  air-ball   D,  whteh    pressea  firmly 
against  the  smooth  concave  surface  at  the  end  of  the  inlet-pi}>e  A.     Sil 
aoon  OS  the  water  coaaea  to  (low  <lowii  thiA  pipe,  the  ball  Adjusts  itaelf  to 

tlie  outlet  of  the  pipe.      Pressuraj 
of  sewer-air  upon  the  surface 
th^  water  in  the  trap  causes  tK«1 
ball-valve  to  fit  more  lightly.    Th-r  I 
cup,  G,  is  pro\*idcd  with  a  rubb«'r  I 
gasket,  so  as  to  make  an  air-tight  | 
joint  at  KF.    Itiseasily  detacfatid,J 
in  order  to  cleanse  tho  trap.     Tlif 
cup   is   made    of    learl    or  glaM. 
When  not  exposed  to  bard  uaairr, 
the  Iiitter   material   is  preferable, 
OA  it  alFords  a  ready  means  of  in-  < 
ti^poction.     Another  OAnful  trap  for 
basins,  sinks,  and  urinala  is  thn 
one    devised    by    Col.    Wariuii;, 
which  is  illustrate*!  by  Fig.  51,  in 
chapter  on  Hospital  (-\inslnictioii. 
Watcr-eloaetM. — ^Tbe  pipe  con- 
necting the  wator-closot  with  the 
drain-pipe  is  called  the  soil-pipe. 
In  this  country  all  th«  waste-water 
pipes  from  the  upper  part  of  the  house  are  usually  made  to  empty  into  it. 
Soil-pipes  may  be  made  of  lead,  iron,  and  xinc    The  KngHsh  give  the  pre- 
ferenoe  to  lead,  but  this  material  is  more  expensive  thati  inm,  and  is  apt 
to  sag  out  of  place,  and  it  is  in  danger  of  being  perforaie<I  by  rata,  or  by 
itaila  carelessly  driven.     It  is  also  liable  to  be  perforated  by  tJie  corromv* 
action  of  sewer-gas,  as  has   been   clearly  demonstrated  by  Dr.  Andrew 
Fergus.'     When  lead  is  used,  the  pipes  should  be  drawn  or  cast,  and  not 
soldered  together,  as  is  aometimes  the  custom.      In  this  cuuntry  caatiruii 
pipes  ore  considered  to  be  superior  to  lead  pi(>es.     The  chief  objection 
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73.— Bower't   patent   ba]l-uid.wst«r 
tr«p. 


'  ne  n«wage  (}uc«UoQ :  Edlabotvh  Med  Jovrnal.  1979. 
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ni^tl  against  tliom  tteems  to  be  that  they  become  Roalecl  from  oxidation, 
aiid  retain  the  fecal  matter  on  a^-count  uC  tlieir  roug'h  aurfjice.  Zinc  and 
c&rtbenware  pipes  are  not  often  used  for  this  purpose,  nor  are  they  desir- 
able. Iruti  soil-pipes  should  always  be  of  the  very  best  quality,  uniComi 
in  casting,  and  of  snuxith  finish.  An  excellent  article  may  now  be  had 
of  domestic  manufacture,  which  overcomes  entirely  the  objection  stated 
above.  It  is  the  porcelahi'Utud  pipe,  which,  on  account  of  cleanlinoaK 
and  durability,  recommends  itself  to  especiiil  favor.  The  traps,  bends, 
and  other  fittings  are  linlshed  in  the  same  manner. 

The  joints  should  all  be  well  leaded  and  well  calked,  and  tJie  entire! 
line  of  pipes  should  be  firmly  supported  to  prevent  any  strain  upon  the 
joints.  Due  atlowatice  nmst  be  made  for  the  expansion  and  contraction 
of  the  metal  caused  by  changes  of  temjjerature.  A  diameter  of  four  or 
five  inches  will  be  ample  for  ordinary  purposes.  At  this  same  diameter 
the  soil-pipe  should  be  carried  above  the  top  of  the  house  and  left  open 
at  the  extremity.  A  ventilating  cowl  ia  sometimes  used  to  incroaae  tho 
outward  flow  of  air. 

It  is  important  that  the  junction  of  the  soil-pipe  with  the  drain-pipe 
should  be  effected  with  a  cun-ed  bend,  sucb  as  is  .shown  at  Fig.  75,  so  as 
to  retard  as  little  as  possible  the  dow  of  sewage  from  one  pipe  to  the 
other.  This  is  especially  necessary  when  the  junction  is  made  with  a  pip© 
conveying  sewage  from  another  part  of  the  premises.  It  is  a  serious 
fault  to  connect  one  pipe  with  another  vertically,  for  this  plan  not  only 
has  the  effect  of  impeding  the  flow  of  the  waste  matter,  but  it  also  tenda 
to  cause  the  formution  of  deposits,  which,  in  time,  may  seriuusly  interfere 
with  the  efficiency  of  the  drainage.     The  effect  of  joining  pipes  at  right 


Fra.  TL— Faulty  junction  (Reynold*). 


Pio.  7?.— Corceot  pUn  ot 

janctlon  (KcynoldB). 


angles  is  illustrated  by  Fig.  74.     The  obstructions  usually  form  at  the 
upper  side  of  the  coiuiecliun. 

The  soil-pipes  should  be  placed  outside  the  main  building,  if  possible. 
Where  the  water-closets  arc  placed  in  enclosures  projecting  from  the  side 
of  the  house,  or  in  a  tower  ironstrncted  for  the  purpose — a  plan  to  bo 
recommended  whenever  pnteticable,  this  direction  can  easily  be  carried 
out.  But  it  is  too  commonly  the  case  that  these  conveniences  are  located 
within  the  main  building.  In  such  instances  it  is  all  the  more  necessary 
that  the  pipes  be  constructed  of  the  best  material,  and  set  up  in  the  most 
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•ppixjyed  manner.     Only  such  closets  should  be 
B&niUry  in  all  respects. 

The  different  kinds  of  ivftter-closets  which  ha^ 
coDvenieutly  divided  into  two  classes:  those  wii 
tJiose  with  simiile  traps.  Many  of  these  devices  a 
brouSf  and  arc  very  liable  to  get  out  of  repair.  1 
better,  provided  they  fulfil  the  necessary  sanitarji 

The  requirements  of  a  good  water-closet  are, 
odor,  simple  in  its  construction,  strong,  and  not  U. 
that  it  shall  admit  of  being  i>roperly  flushed,  a 
ineouu  of  preventing  the  inflow  of  j^es  from  the 

Any  uuplcasant  odor  arising  from  the  closet 
in  the  ap])am,tus.  Ventilating  the  apartment  tr 
auce,  for  the  time  being,  but  it  only  palliates  the 
should  be  radical.  .  Sewer-air  is  not  necessarily 
those  who  spend  most  of  their  time  indoors,  and 
poisonous.  The  absence  of  a  disagreeable  odor  i 
proof  of  the  fitness  of  the  appliance.  ^ 

It  should  be  made  eufficieiitty  strong  toH 
should  be  free  from  complicated  arrangements,  v 
of  order,  and  should  be  perfectly  smooth  upon  ii 
to  be  im^pabln  of  retaining  any  portion  of  tl 
glazed  earthenware  is  the  best  material  for  the  1 
and  trap  are  sometimes  made  of  this  substanc^u 
exemplified  by  the  Jennings  closet,  Fig.  80.    H 

Provision  should  be  made  for  eiBcitnl  flushinj 
removal  of  the  escrcta.  The  water  should  be 
foree  to  thoroughly  cleanse  the  basin  and  &wet 
syphon  into  the  soil  pipe.  If  the  water  be  supp 
tern,  which  is  provided  for  storing  water  when  1 
mittcnt,  there  is  danger  of  foul  air  rising  throug 
tJie  water  to  the  closet  when  empty;  it  is  thorcft 
arate  cistern  should  be  used  for  supplying  tfat 
adopting  this  plan  the  contamination  of  the  get 
house  is  prevented,  and  the  waste  of  water  isa 
ances  dcsigneil  for  this  special  purpose.  ^| 

It  might  at  first  be  supposed  that  where  W§ 
no  danger  of  fouling  the  water  in  the  service-pi 
by  tapping  it  for  a  snp}>ly  to  the  water-closet, 
where  the  Holly  system  is  used,  as  the  pressure 
that  by  tapping  the  service-pipe  in  the  lower  pai 
to  the  upper  part  is  not  entirely  interrupted.  1 
where  the  pressure  of  wHier  in  the  mains  and  sei 
the  ccudition  of  the  sujiply  in  tfie  reservoirs,  ar 
mains  are  often  inadetjuate  to  the  heavy  dema 
eertain  |ierioda,  the  opening  nf  n  faucet  in  the  Im 
the  house,  prevents  the  flow  uf  water  at  n  higher 
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ta,  that,  wben  the  pipe  oonnectiug-  the  service-pipe  with  tho  water-closet 
b&sin  is  opened,  the  water  recedes  aiid  is  followed  by  a  rush  of  foul  air, 
which  will  render  tho  water  subsequently  drawn  impure  and  unwhole&omf. 
The  valves  of  the  water-closet  are  frequently  left  open  when  the  How  of 
water  fails  for  a  time,  as  when  tho  demand  is  excessive,  and  the  result  is 
that  the  foul  air  from  the  "container"  passes  into  the  water-pipe«,  ia  ab- 
sorbed by  the  moisture  still  ntlhering  to  their  sides,  and  the  impurities 
thus  retained  will  be  imparted  to  the  water  subsequently  drawn  from  the 
pipe,  and  possibly  used  for  drinking-  or  culinary  purposes.  The  remedy 
for  this  evil  Js  to  provide  for  the  water-closet  a  separate  pip«  which  shall 
not  be  drawn  on  for  any  other  purpose,  or  to  provide  a  special  cistern 
from  which  the  water  used  for  Jhishing'  shall  he  taken. 

The  water  is  usually  discharged  into  the  basin  by  a  flushing  rim  placed 
at  the  upper  edge,  or  it  may  enter  behind  a  fan  arranged  so  as  to  spread 
the  water  over  the  entire  surface.  The  outlet  should  be  of  good  size,  and 
so  arranged  that  the  volume  of  water,  at  the  lifting  of  the  valve,  shall 
suddenly  sweep  over  the  sides  of  the  basiai  and  wash  away  through  the 
trap  all  tho  excreta  deposited  in  it.  A  good  water-closet  will  prevent  the 
escape  of  gases  from  the  soil-pii)e  into  the  dwelling.  This  object  is  ac« 
oomplished  by  a  system  of  trapping  and  ventilation.  A  double  trap  and 
a  double  means  of  ventilation,  if  properly  arranged,  will  protect  the 
apartment  against  the  entrance  of  sewer-air.  Tlie  upper  trap  is  formed 
by  a  body  of  water  held  in  tho  basin  by  a  pan  or  valve  fitting  closely  to 
its  bottom.  Tho  lower  trap  is  usually  of  the  form  known  as  tlio  syphon- 
trap,  and  is  connected  with  the  soil-pipe.  Between  the  two  is  un  air  space, 
which  should  he  ventilated  by  a  pipe  carried  to  the  exterior  of  the  build- 
ing, or  connected  with  the  soil  veutilating-pipe.  Tho  soil-pipe  is  venti- 
lated by  carrying  it  above  the  top  of  the  house,  as  already  pointed  out. 
Should  the  main  suil-pipe  be  tapped  at  a  distance  from  the  water-closet, 
it  will  be  a  safe  expedient  to  connect  tho  highest  part  of  the  branch  soil- 
pipe,  which  will  be  the  upper  part  of  the  curve,  with  the  main  ventilating- 
pipe,  so  as  to  insure  more  perfect  ventilation  of  this  bratich. 

The  mode  in  which  this  combined  .system  of  trapping  and  ventilation 
acts  is  at  once  apparent.  By  ventilating  the  soil-ptpe,  pressure  is  relieved 
and  the  sewer-air  is  so  diluted  that  thei-e  is  but  little  danger  of  impurities 
being  absorbed  from  it  by  the  water  in  the  trap.  Should  the  sewer-air, 
from  any  cause,  pass  the  first  trap,  it  will  find  a  channel  of  escape  through 
the  ventilating  tube  under  the  pan  or  valve.  This  ventilating  tube  also 
carries  away  any  foul  air  that  may  be  formed  by  deposits  beneath  the 
basin,  which  would  otherwise  bo  discharged  into  the  room  at  the  moment 
of  opening  the  basin-valve  or  pan. 

An  additional  plan  for  preventing  the  escape  of  cfHuvia  into  the  room 
— which  can  hardly  be  necessary  if  the  above  suggestions  are  carefully 
put  into  practice — is  tho  one  described'  by  Mr.  Philbrick.  It  consists  uf 
an  annular  ventilating  tube,  shown  at  Kig.  76,  to  be  placed  over  the  top 

'  Seventh  Annual  Keport  uf  Itlassackaaetts  State  Board  of  Health,  p.  448. 
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edge  of  the  basin  and  under  tho  scat.  It  is  proviilcil  with  perforfttiuns 
around  the  innor  edge  nf  the  ring  for  wiihtlr&wing  the  air  that  ro»y 
nscape  when  the  contcMitA  of  the  basin  are  discharged  into  the  pipe  below. 
This  tube  is  connected  with  an  iron  tube,  thror  inchpit  in  diaiiM-ter,  whii-h 
is  carried  into  and  up  the  kitchen  flue.  Before  pulling  up  the  handle 
connected  with  the  pan  or  valve,  the  lid  is  shut  down,  so  that  any  foul  air 
escaping  from  beneath  the  basin  is  iiumediatcly  suek<*d  tip  by  the  superior 


Flo.  76. — ADQoUr  Tcatilktang  tube 
over  ba&iu. 


Fie.  77.- 
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draught  of  the  tube,  and  discharged  at  the  top  of  the  liouse.  ]f  no  cliim* 
ney-flue  is  convenient,  the  tube  may  be  carried  directly  through  the  roof, 
with  some  ventilating  attachment  at  its  top  to  incrrasc  the  upward 
draught. 

In  some  cases  attempts  have  been  made  to  diyinf(?rt  watrr-i'htsrts  hv 
means  of  an  apparatus  connected  with  the  supply-pipe  of  the  closet,  by 
which  a  certain  jiortion  of  disinfectant  fluid  is  dischorgetl  into  the  basin 
each  time  the  closet  is  used.  Various  devices  have  been  ititroduced  to  vjtrry 
»iut  lliis  object.  Of  these,  Wheeler's  water-closet  drisiiifi'i^tor  ^F*ig.  77)  i» 
perhaps  one  of  the  most  efficient.  It  consists  of  a  metallic  cup-shai>cd  iv- 
servoir,  which  is  Httcd  in  the  wood- work  of  the  closet  at  one  aide  of  llin 
scat,  and  has  the  appeuranue,  when  in  position,  of  the  metallic  cup  forthn 
Iiandle  of  the  valve-rod.  Tlie  cap,  when  litted,  forms  a  wtitcr-tight  jutiit. 
It  is  easily  removed  by  a  small  wrench.  The  entrance  of  the  supply  pipr 
of  the  water-closet  is  on  one  side  and  the  exit  on  the  other.  The  l«vi*r 
controlling  the  flow  of  water  is  on  the  entrants  side,  so  as  to  disconnect 
the  service-pipe  from  the  receiver,  except  at  the  time  of  use.  The  water 
fiasscH  through  the  receiver  whenever  the  handle  of  the  closet  is  raise*!, 
and  is  impregnated  with  the  disinfectaitt — placed  in  the  inttinor  of  the 
receiver — in  the  form  of  a  solid  saponaceous  ball.  The  friction  of  ibe 
water  flowing  under  pressure  dissolves  or  disintegrates  the  material  befom 
it  reaches  the  bow],  Curbi^iic  acid  and  various  other  disinfectants  are  in- 
corporated in  saponaceous  material,  and  compounded  in  such  a  manner  as 
to  dissolve  at  a  known  and  even  rate.  When  once  attached  the  appsTatas 
is  automatic,  and  the  only  attention  recjuiriMl  is  in  n^placing  the  com- 
pounds. 

If  a  closet  be  properly  constructed,  diainfcctaiits  are  rarely  requtivd. 
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In  some  cases,  as  when  sickness  of  an  infections  rharacter  prevails,  the 
excreta  should  invariably  bf»  disinfecterl  before  being  paiised  it)lo  the  re- 
ceptacle or  sewer.  Tliis  is  usually  i-ffocted  by  pliu*iiijj  tlie  disiiifpotant  in 
the  veaael  before  being  uacd  by  the  patient. 

When  watcr-closots  are  exposed  U*  frost,  tbe  freezing  of  tlie  water  in 
the  traps  may  be  prevented  by  cxx-asionally  plROJii^  a  little  eorninon  .*Jilt 
ill  the  traps. 

Water-closets  arc  constructed  of  euamellod  irnn,  glazed  earthenware, 
and  china.  Iron,  when  porcelain- lined,  fonns  an  excellent  cluset  so  long 
as  the  lining  remains  intact;  but,  should  it  get  chipped  or  craekwl,  the 
water  is  brought  in  contact  with  the  iron,  and  oxidation  t^kes  pUcc,  and 
sooner  or  later  the  destruction  of  the  apparatus  follows.  Glazed  earthen- 
ware is  more  durable^  and,  in  many  respet-ts,  the  material  to  l>e  preferred 
in  the  constnietinn  i>f  these  appliances. 

Very  few  of  the  ninny  kinds*  of  water-closets  whirli  have  been  offered 
to  the  i)uhlic  from  time  to  time,  combine  all  the  requirements  necessary  to 
fulfil  the  objects  of  this  important  sanitary  contrivance.  The  popular  de- 
mand is  for  a  cheap  article,  and  cheapness  usually  means  inferiority.  But 
even  some  of  the  nmre  expensive  appliances  are  not  free  from  serious  de- 
fects. Mr.  (.atliam  says  that  most  of  the  water-closets  used  in  the  best 
houses  in  England  iire  o(  the  kind  known  as  pan-closets.  **They  are  ex- 
pensive and  cumbrous  appliances,  and  cannot  be  introduced  within  ii 
house  withrmt  creating  a  nuisance,"  Mr.  Denton  say.s  the  pan-closets 
should  alway.s  be  looked  up<jii  with  suspicion,  ami  be  holds  the  same 
opinion  with  regard  to  closets  provided  with  what  is  known  as  the  *'D" 
trap.  According  to  .Mr.  Hayles,  the  pan-closet  is  the  kind  usually  selected 
in  this  country,  lie  says,  that  "closets  of  this  pattern  are  <lefective  in 
principle  and  unsatisfactory  in  operation; 
and  althougl)  they  have  been  variously  modi- 
fied and  improved  during  the  past  few  years, 
it  is  doubtful  if  they  are  susceptible  of  such 
improvement  as  will  wholly  correct  their  in- 
herent defects."  '  An  ordinary  pan-closet 
with  a  "D"  trap  is  shown  at  Fig.  7S.  It  con- 
sists of  a  basin,  Jl^  usually  made  of  earthen- 
ware, a  pan,  /'.  which,  when  the  handle,  //, 
ia  raised,  is  tilted,  and  deposits  its  contents 
into  the  receiver.  A',  from  which  they  fall 
down  into  the  trap,  7\  and  thence  pass  Into 
the  soil-pipe.  When  the  pan  (which,  when 
closed,  retains  water  to  form  a  trap)  is  tilted 
backward  by  a  sudden  raising  of  the  handle, 
the  water  and  faecal  matter  are  thrown  against 
(he  sidea  of  the  receiver,  which  siKin  be^^ome  coaled  with  a  mass  of  foul 
matter.     This  underguea  decomposition,  and  the  noisome  gases  generated. 
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collect  in  the  receiver  between  the  two  traps,  and  »re  tlieticp  discli 
into  the  apartment  and  through  the  house  at  every  use  of  the 
These  g^asys,  beinj^  almost  constantly  under  increaaing-  pressure  in  tbt 
conliiied  Hj>an«  between  the  two  traps,  may  escape  thruujz^b  the  up| 
water-seal»  even  when  the  pan  is  closed,  in  the  manner  already  described.^ 
liuproveinents  have  been  made  iu  this  form  of  closet.  One  of  these  i» 
tho  addition  of  an  arrangement  for  flushing  the  receiver.  Another  is  tb« 
ventilation  of  tho  receiver.  And  still  another  is  the  provision  of  a  dis- 
infecting apparntuR,  of  the  automatic  kind,  by  which  an  even  quantity  of 
fluid  is  discharged  into  the  basiu  at  the  closing  of  the  pan.  The  annular 
veritiluting-tube  (Fig.  7G)  may  also  bo  used  as  a  valuable  adjunct  to  tht» 
apparatus.  Altliough  these  improvements  have  made  the  pan-closet  1«m 
objectionable,  it  is  still  defective  in  design,  unnecessarily  cumbrous,  and 
far  from  being  a  perfect  appliance. 

The  simple   hopper   closet,   consisting   of  a  basin  and   trap   without 
either  pan  or  valve  or  other  complicated  arrangements,  If  prrividpd  with 
an  ample  supply  of  water  for  flushing,  and  if  well  ventilated  below  the 
trap  in  the  manner  already  explained,  is  one  of  the  best  of  the  cheaper 
kinds  of  water-closets.     It  is  especially  useful  for  outside  closets  or  for 
apartments  well  separated  from  the  main  part  of  the  dwelling.     Theru  i 
no  chamber  to  conceal  the  tilth,  and  if  the  wala 
used  for  flushing  is  of  sufficient  volume  and  pmp 
orly^  directed,  the   inside  of  the  hopper  and   irs 
CBD  be  kept   free  at  all  times  from  foul  inatterJ 
This  apparatus  is  not  liable  to  gel  out  of  ortlcrJ 
and  is  easily  kept  clear,  as  any  articles  which  g« 
into  the  trap  by  accident,  or  are  thrown  into  itA 
can  be  taken  out  by  the  hand  or  by  a  wirr  hook 
The  flow  of  water  is  generally  regulated  by  a  siinfpl« 
valve    connected    with    the   seat.      This    form 
oloHct   is  much  used   in  factories,  prisons,  holeli 
and   in   poor   neigh borlioods.     An  excellent  foroLJ 
of  hopper   closet    is  that   shown  at  Fig.   Ti*.      I>1 
is  made    of    stoneware^    and    can    he  easily  kep 
clean, 

Of  the  b<*tlor  stylesof  wotor-closcls,  that 

Pio.  TO.— 8t«nirw«re  Iiop-    ^g  the  Jennings  closet  (Fig.  SO)  may  be  taken  W 1 
per  clowc  and  tnp.  .„  ",  -  ,       i      ■'  i  i       i 

dlti»tration.      It  consists  of  a  basin  and  a  sj-photfj 

trap  in  one  piece  of  glazed  earthenware.     There  is  no  pan  or  rco«ivcr|| 

the    faecal    mAtter  being  received  at  once  by  a  large    voLuiue  of  wat< 

dammed  up  in  the  basin  by  a  hollow  plug,  which  arl-t  as  an  ovi'rilow, 

To  preveJit   any  escape  of  gas  through  this  hollow  plug  from  the  tr»|> 

below,  an   inverted   cup  (not   shown  in   the   illustration)  has   rvcenll] 

been   adjusted  to  the  lop  of  the  opening,  which  effeccuftlly  traps 

air-hole. 

^^'^len  the  handle,  /A,  which  lifts  the  valve,  is  raised,  the  whole  volume 

of  water  is  suddenly  discharged  through  the  water-trap  below  tnca 
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soil'pipe.  The  supply-valve  c&n  be  adjnated  to  an^  preaaure  of  water,  and 
can  receive  it  from  the  ordinary  service-pipe  or  from  a  cistern.  All  back- 
flow  of  foul  air  is  prevented  by  the  peculiar  conatructiun  of  llic  valve,  A 
socket,  marked  V,  is  provided  for 
the  reception  of  a  voiititating^- 
pipe.  The  branch,  11^,  is  prupcrly 
located  for  the  coiiuection  of  a 
waste-pipe  from  a  batli-ttib  or 
wash-basin.  There  are  other  ex- 
cellent water-closets  in  tlie  mar- 
ket, but  it  will  suffice  for  our  pur- 
pose to  cite  thix  one  example  to 
serve  as  an  illustration  of  the 
principles  upon  which  these  im- 
portaot  sanitary  appliances  should 
be  constructed. 

For  large  collections  of  peo- 
ple, or  where  a  number  of  closets 
are  necessarj',  water-troughs,  or 
latrines,  will  be  found  service- 
able. They  are  strong-  earthenware  or  cast-iron  (pDrtelain-Iined)  recepta- 
cles, placed  under  a  row  of  seats,  with  a  slight  inclination  toward  one  end, 
at  which  a  simple  outlet  with  a  valve  is  provided.  The  valve  is  lifted 
daily  (or  as  often  aa  may  be  required)  bya  person  having  special  charge  tjf 
the  apparatus,  and  the  entire  receptacle  is  eniptifd  at  once.     When  the 


FlO.  80. — JcDnirgK  nli-i-nrttii-u  cloivet 


valve,  or  plug,  is  raised  to  empty  the  trough,  each  latrine  is  thoroughly 
washed  in  the  same  marim^r  as  a  watcr-ctoset,  by  the  automatic  action  of  a 
valve  controlling  the  water-supply.  On  closing  the  valve,  the  trough  is  iui- 
mediately  relilled  with  water  to  a  proper  depth.     A  receptacle  sliould  he 
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provided  to  intercept  any  foreign  substances  that  may  ho  tiirowu  into  tti« 
trougli  and  wliicli  iiitg'ht  obHtruct  the  di!ichiir^'-])ipc<.  The*  proper  tni{i 
luij  veiitilating^-tubcs  should  alvvnyfl  1h*  8uppli<.*d.  Kig.  81  ruprti^buLH  J< 
nings*  lutrines  moclilicd,  so  as  to  have  the  vttlvo  arranpr^'nicnts  in  a  sepmr»r4^ 
apartment,  and  also  by  providing  a  socket  fur  a  vi>ittj)atit)g--pipr.  An- 
other form  of  closet  used  in  public  places  is  the  "tumbler  watfTH-loBel.'' 
The  aj}parAtus  is  similar  in  construction  to  that  descnbed  on  a  prvvious 
page,  under  the  head  of  J'^lnshiutf  of  Severs, 

Urinalf. — -Urinals  are  made  of  glazed  earthenware  or  stonenrsre,  or  iif 
porcelftin-linod  iron.  The  Hrst-nicntionod  material  is  the  bfrt  for  tlto  pur-^ 
pose.  Some  forms  are  made  with  slabs  of  slate.  They  nxpiire  thri  greai 
cire  to  prevent  them  from  becoming  ofTeusive.  When  located  within 
doors,  the  vraste-pipe  should  be  well  trapped  close  to  the  urinal  tt»i:lf,  and 
provision  should  be  made  for  ventilating  the  disoharge-pijw  by  means  o( 
a  tube  carried  outside  the  hou8<»,  as  already  d«srrilK*d.  Th^y  are  kept 
clean  either  by  a  constant  supply  of  water  so  distributetl  as  tn  sweep  ovit 
every  part  of  the  inner  surface  of  the  recoptaole,  or  the  supply  may  he 
intermittent,  the  discharge  taking  place  only  by  the  turning  of  a  valve, 
or  by  some  arrangement  actuated  by  the  door  of  the  apartmrnt  nr  by  ihir 
weight  (if  the  pejson  using  the  convenience. 

Mr.  \V  heeler  has  constructed  an   appliance  for  disiufecting  urinals, 
which  has  Iweu  tried  with  excellent  reaulU..     The 
principle  is  similar  to  that    dc}M.*r!bed  nad«^r   ilf 
head  of  Wftter-cluset  Disinfection.    The  disinfect- 
ing airent — usnalty  carbolic  acifl — is  contaiiiod  in 
the  smnll  chiunber  shown  in  Fig.  S2f  and,  being  in 
a  soliil  saponaceous  form,  is  grndunlly  diiwlveil  i*s 
the  action  cif   the  water  umliT  pivasurc  l>rfonT  it 
readies    the   basin   of  the  urinal.     The  water,  rn 
this  manner,  is  constantly  chained  with  a  Ku[h> 
cicnt  quantity  of  the  agent  to  prevent  ilc<Kimix>ni-^^H 
|)i^^pj|^^^^^        tiun  of  the  urine,  and  the  priHluction  of  olfciisive'^m 
/j^^r^   ^^^^^     eflluvia.     The  occasional  renewal  of  the  com{x>un<f. 
/^^r  A  V9    "when  dissolved,  in  all  the  care  that  la  requimd. 

IBB  \  rr  The  rj^nnimition  oj' /ioiiae-ptpts  and  troy*^'- 

Thc  regular  and  systematic  iiiupcctinn  of  the  drain- 
age arrangements  of  house«,  although  a  utatlcr 
of  paramount  importance  in  a  sanitary  point  ot  view,  is  almost  wbolti' 
i^orcd.  House-drains,  even  when  properly  constructed  according  to  ibf 
best  possible  system,  require  octTasional  examination.  How  much  mnn 
necessary  is  it  that  house-flttings,  as  usually  constructed,  with  a  muliK 
tude  of  defects,  shcjuld  be  periodically  subjected  to  a  thorough  iii»[>t*ctti)«i. 
in  order  to  detei-it  and  remedy  serious  faulta,  which  may  otherwise  rvmain 
unsuspected  until  M-riims  illness  attracts  Nttentiun  !<>  tlir  probable*  cau»* 
Iff  the  troubl**.  Traps  may  become  ubstruoted,  oiMMilngs  designed  ictt 
ventilation  get  clogged  up,  and  joints  may  give  way  and  allow  the  foul 
ae wage-matter  to  exude  and  pollute  tht^  ground  under  the  dwelling.    Th* 
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pipes  themselves  frequently  corrode  by  rust,  or  by  the  action  of  scwer- 
P»sp5,  as  has  been  pointed  out  by  Dr.  Fergus,  and  allow  thn  sower-atr 
to  rwApc.  Various  oilier  defects  may  exist,  unsuspected,  unless  some 
means  of  exaniiuation  ia  resorted  to  at  frequent  intervals. 

Because  the  house-drains  have  been  well  constructed,  it  is  unwise  to 
infer  iliat  they  will  always  remain  so.  The  fact  tiiut  a  drain  is  water- 
tight to-day  is  no  guarantee  that  it  will  never  leak.  CVmsidcrlngllie  per- 
ishable nature  of  the  materials  used  in  its  construction,  the  liability  to 
disarrangement  by  acoidental  circumstances,  as,  for  example,  the  scttlc- 
nieni  of  a  foundation-wall,  and  the  frequency  with  which  obstructions 
occur,  cither  by  the  gradual  deposit  of  matters  suspended  in  the  sewage, 
or  by  the  surreptitious  introduction  of  extraneous  substances,  it  cannot  ■>« 
too  strongly  recommended  that  the  drainage  of  every  house  l>e  periodi* 
cally  examined,  say  at  least  once  a  year,  under  the  direction  of  men 
skilled  in  sanitary  engineering.  The  public  authorities  cannot  asRunie 
this  duty,  nor  intrude  inside  the  house,  unless  a  nuisance  has  already  been 
created,  and  it  is  therefore  necessary  that  the  householder  attend  to  it 
hitnself.  But  there  is  the  common  indifference  that  exists  upon  this  sub- 
ject, and  the  difficulty  of  securing  the  right  sort  of  advice  when  attention 
has  been  aroused  to  its  very  great  importance.  Edinburgh  has  solved  the 
problem  by  the  organization  of  a  sanitary  protection  association,  under 
the  leadership  of  Professor  Fleeraing  Jenkin,  and  it  would  be  well  if  the 
example  were  imitated  in  every  town  and  city  whore  the  water*earriage 
system  has  been  adopted. 

The  object  of  the  association  is  to  provide  a  thorough  inspection,  at 
laMt  once  a  year,  of  all  the  drainage  appliances  of  the  house  of  every 
HMmber,  who,  by  the  annual  payment  of  a  small  foe,  obtains  the  services 
of  skilled  workmen,  acting  under  the  advice  of  a  leading  engineer.  These 
services  may  also  be  extended  to  the  dwellings  of  the  poor  by  giving  to 
members  the  privilege  of  obtaining  reports  on  such  houses  at  a  small  rate. 
By  special  arningement,  schools,  liospilals,  hotels,  and  otber  public  build- 
ings may  likewise  shore  in  these  advantages.  The  a.ssociation  will  confer 
direct  benefits  upon  the  individual  members;  but  it  will  go  further;  "it 
will  educate  the  community  in  sanitary  matters,  strengthen  t}ie  hands  of 
the  public  authorities,  and  indirectly  exercise  a  most  benetieial  influctice 
over  the  work  executed  on  all  new  buildings.'' 

When  the  drains  arc  properly  laid,  so  that  every  Joint  and  bend  can 
be  readily  exposed  to  view;  when  they  are  furnished  with  a  proper  out- 
side trap  provided  with  a  grating,  or  with  a  well-hole  for  inspection;  and 
if  access  pipes  have  been  placed  at  euitvenienl  distances  along  the  (course 
of  the  drain — a  complete  examination  of  the  entire  house  system  can  Iw 
made  with  very  little  difficulty  and  at  IriOing  expense.  But,  on  the  other 
hand,  when  all  the  pipes  and  traps  arc  cnlirely  covered  up,  and  there  is 
au  absence  of  the  facilities  for  iii<«pccttoti,  their  tliroet  examination  will  be 
difficult  and  necessarily  costly.  It  is  therefore  necessary,  in  these  c^scs, 
to  resort  to  some  other  means  of  obtaining  the  desired  information.  This 
can  be  instituted  without  tearing  up  the  ground,  except  when  necessary 
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for  the  introduction  of  an  outside  trap  witli  ventilating  grid,  wliicb 
bo  required  in  conducting^  the  experiments. 

The  plan  to  pursue  in  malting  the  examination  U  thus  described' 
Mr,  Jenkin:  "1.  Is  the  houee  drained?  This  wiU  be  tested  bv  simf 
fastening  up  the  water-closet  handles  for  a  few  minutes,  and  watching  t 
flow  past  the  grid  at  the  external  trap.  It  is  claar  that  no  obstnicti 
can  exist  on  either  side  of  the  trap  it  this  flow  is  seen  to  be  uQimp«d 
"2,  Is  there  any  leakage  from  the  sewer  under  the  house  into  the  b: 
ment  ?  If  so,  of  what  magiiitutle  ?  This  will  be  testeti  by  tempomril 
plugging  up  the  drain  at  the  trap,  and  lilling  the  pipe  or  drain  tu 
boaemcnt  with  water.  If  the  water  remains  at  a  constant  level,  the  drun 
is  clearly  water-tight;  if  not,  the  amount  of  the  leakage  can  be  mea^u 
by  the  rate  at  which  the  surface  falls.  No  head  of  water  should  be 
on  the  drainf  or  pipe,  which  is  usually  not  designed  to  resist  pressure; 
all  scw&gc-pipcs  passing  under  the  basement  of  a  house  should  be  as  ti, 
as  a  bottle.  It  will,  in  this  way.  be  quite  easy  to  lest  the  sounduHss  o 
drain,  without  uncovering  it,  and  tu  repeat  this  experiment  as  often  as 
may  be  desired.  This  experiment  will  also  make  sure  that  no  old  open 
ends  are  left  connected  with  the  main  dnin,  as  not  unfrequcntly  happens, 
with  tho  result  of  allowing  a  part,  of  the  sewage  to  run  out  into  the  bas'^ 
ment.  3.  Are  the  pipes  of  a  house  air-tight?  and  are  alJ  opening* 
trapped?  This  will  be  asoeriatncd  by  making  fumes  of  paraffino  insid 
closed  vessel,  over  the  open  grid  at  the  trap,  and  driving  these  fume*  in 
the  house  system  by  a  fan,  but  not  so  as  to  cause  any  internal  pressu 
When  it  has  been  ascertained  that  these  fumes  have  reached  the  high' 
points  in  the  pipes,  each  room  in  the  house  wiJl  be  insptwtcd.  and  any 
cape  of  paraffine  into  any  room  will  certainly  be  smelt;  the  plaoo  of  the 
escape  will  also  be  easily  detected.'  4.  Are  the  traps  and  ])ipesof  a  hou 
properly  vtMitilated?  This  will  be  asccrtaiiieil  by  endeavoring  to  put  ti 
pipes  under  a  slight  pressure  by  pumping  air  into  the  pipes  at  thtj  bottui 
If  no  parafSne  fumes  are  then  forced  into  the  house,  it  is  clear  that  at  1 
one  part  of  the  ventilating  system  is  in  order.  In  addition  to  tbts  experi- 
ment, the  test  of  passing  smoke  through  ventilating  openings  will  he 
made  whenever  this  may  seem  desirable.  5.  Is  the  drinking-water  ua» 
polluted?  The  cisterns  will  be  examined,  the  position  of  the  overflow^l 
pipes  recorded,  and  the  action  of  the  water-closets  insp«ctod." 


AVhen  sewers  are  properly  constructed  and  managed,  and  there  is  mn 
difficulty  in  dealing  with  the  sewage  at  tho  outfall,  and  when  the  supply  j 
of  water  is  abundant,  the  water-carriage  system  is  undoubtedly  the  host  . 
plan  for  the  removal  of  excreta.      But  in  many  places  the  use  of  sew 
era  for  excrement -removal  is   impracticable.      Tliero  may  bo  a  want  of  J 

■  Edinburifh  Heil.  Jounuil,  April,  1S78,  p.  87(X. 
*  A  umilartest  by  tDeana  of  oil  of  peppermint  fs  la  oooslaot  uso  bjr  tbt  MnltM^ 
inspeulon  of  Boeiou. — tDr.  Draper.) 
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proper  fall,  or  there  may  be  a  scarcity  of  water,  or  the  climate  may  be  so 
severe  as  to  render  all  attempts  at  this  mode  of  dispobttl  a  failure.  In 
these  cases,  and  for  isolated  houses,  villages,  and  small  towns,  there  must 
Deeds  be  some  other  plan  adopted  for  getting  rid  of  the  excreta  without 
causing  offence.  In  carrying  out  this  object,  some  form  of  dry  conserv- 
ancy may  be  resorted  to  with  advantage.  Even  where  water  is  abundant, 
and  the  use  of  sewers  is  practicable,  this  plan  is  recommended  by  some 
authorities  as  preferable  to  the  system  by  water-carriage. 

The  drj'  system  consists  in  the  admixture  of  dried  earth,  coal  ashes,  or 
other  dried  refuse,  with  the  excrement  in  suHicieni  quantities  to  absorb 
it  and  reduce  it  to  an  inudoroua  farm,  su  as  iv  prevent  foul  putrefac- 
tion and  the  consequent  production  of  offensive  gases.  Certain  conditions 
are  to  be  observed  in  the  B,pplication  of  this  system.  The  material  must 
be  perfectly  dry,  and  must  be  applied  immediately,  and  in  sullicient 
quantity  to  cover  the  excretions  and  remove  all  the  fluidity  of  the  materiaL 
All  slops  or  sink-water  or  other  fluids  and  solid  substances  must  be  car& 
fully  excluded,  otherwise  the  sanitan.*  objects  of  the  plan  will  be  defeated, 
and  the  agricultural  value  of  the  prodmta  impaired.  Although  with 
proper  care  the  material  will  be  completely  deodorized,  it  is  still  very 
desirable  that  its  removal  be  as  frequent  as  possible.  In  niraS  districts 
this  may  be  conveniently  attended  to;  but  in  towns  it  is  seldom  that  its 
removal  takes  place  oftener  than  once  a  week,  and  frequently  it  is  only 
once  a  month.  The  closets  should  be  well  constructed  and  frequently  in- 
spected, in  order  to  see  that  their  appliances  are  in  proper  working  con- 
dition. 

The  location  of  the  closet  is  also  a  matter  of  considerable  importance. 
The  same  caution  should  be  observed  as  has  been  suggested  with  regard 
to  the  position  of  water-closets,  for,  although  the  o<lor  may  be  removed, 
there  is  no  certainty  that  excrement  retained  in  this  manner  about  a 
dwelling  may  not,  under  certain  circumstances,  convey  di.scase.  Tlio 
closets  should  be  placed  in  an  isolated  part  of  the  building,  in  an  apart- 
ment projecting  from  the  house,  or,  better  yet,  in  a  detached  enclosure. 
Thorough  ventilation  should  be  maintained  by  the  use  of  windows  in  the 
vestibule  leading  to  the  closets,  or  by  a  ventilating-Hue,  or  by  ventilating- 
glass  in  the  windows,  or  by  air-bricks  near  the  ceiling  of  the  room. 

Ventilation  of  the  receptacle  may  be  effected  by  connecting  it  with  the 
outside  air  by  means  of  a  tube.  The  receptacles  should  always  be  made 
of  impervious  material. 

"When  powdered  earth  or  well-screened  ashes  are  used  as  the  absorb- 
ent medium,  the  charged  material  may  be  dried  and  used  a  second  time, 
or  even  oftener.  It  may  be  spread  out  under  cover  and  exposed  to  the 
air,  but  the  drying-shed  should  be  removed  from  the  liousc.  In  towns 
this  is  not  advisable.  And  even  in  the  country  and  in  villages  it  is 
hardly  necessary,  as  tiirth  can  be  procured  at  trifling  cost,  and  dried '  and 
stored  away  without  niuuh  labor.     It  is  therefore  safer  to  return  it  to  the 
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land  when  onco  oharped,  and  supply  tt«  pUc^  with  fresh  material.  K»r 
should  be  well  <\nv<\  and  thomuffhly  pulverised,  and  ashen  shoulil  t><-  Mr0 
screened  beforo  being  used,  otherwise  their  absorbent  pow»T  will  be  grn^tlj 
reduced. 

The  dry  method  is  an  exceedingly  convenient,  ccononiiral,  and  i*(ficie 
meann  of  excrement-retnoTal  where  watcr-closotd  cannot  I***  used.  Fi 
country-houses,  villag«.'S,  small  towns,  and,  under  certain  circumstano 
for  sf^hools,  prisons,  and  charitable  institutions,  this  arrangement  ia  ue 
tainly  a  most  desirable  one.  It  might  be  adopted  with  advantage  i^ 
summer  boarding-houses  and  hotels  and  at  waterin^-plaeos,  in  which,  a»i 
rule,  the  privy  conveniences  are  extrpmely  unsatisfactory,  and  fre<]uentll| 
a  source  of  discomfort  and  danger.  No  better  substitute  cau  be  provide 
for  the  extremely  lilthy  and  dangerous  arrangements  which  so  comraonlj 
■exist  in  this  country,  where  water-closets  are  not  in  use.  than  suine  fwrm 
of  dry  conservancy. 

The  systems  under  this  head  are:  Moule's  earth-cluset  system, 
tioux  system,  and  the  ash-closet  systenL 

3foufe*s  ettrt/i-ctosel  si/stem. — This  system  derives  its  name  from  Ha* 
ginator,  the  Hev.  .Mr.  Muule,  wh'^  hu:i  udvuuated  and  brought   into 


Fig.  S;t.— The  earth -vtimmoilc. 
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nent  notice  the  us<«  of  dried  earth  iu  closets  on  account  of  its  powerful 
absorbing  and  deoilorizing  finalities. 

The  originid  apparcitus  designed  by  Mr.  Moule  has  lieen  variously 
modified  without  interfering  with  its  diatiotilive  featiirca,  whic-h  ar«  iUafr-' 
trated  by  t^igs.  S3  and  $4.  The  closet  consists  of  a  woiiden-box  in  two 
^nain  conipaitmetits.  The  lower  one,  marked  Ji,  Fig.  83,  contains  *  re- 
ceptacle, or  pail,  for  th*-  sewag(%  and  thft  upi>er  one,  .4,  the  re»ej^*oir,  or 
hopper,  from  which  the  dried  earth  is  supplied  in  requisite  quantity  who- 
ever the  clo!*et  is  used.    The  arrangement  of  the  mechaniam  of  this  for 
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of  commocle  is  sliuwii  in  Fi^.  84,  and  is  thus  described  by  Mr.  Waring: 
"  A  is  a  swinj^ing  hopper  capable  of  lioldin^  an  ordinary  coal-bod  full  of 
earth  ;  7?  is  the  *chuckei/  which,  on  being  tiltfd  by  lifling-tho  handle,  If, 
throws  forward  the  proper  quantity  of  earth  into  the  movable  htxl  staiid- 
injr  under  the  seat.  When  the  handle  is  released,  Ihe  ohucker  drops  back 
intti  the  position  shown  In  the  cut,  and  is  611od  from  the  hopper,  which 
(•ntera  its  top,  its  month  being  at  the  same  time  closed  by  the  shelf,  /,  sus- 
pended beneath  it.  The  commode  should  be  supplied  with  two  hods,  tho 
one  not  in  use  being  exposeil  to  tho  air  during  the  tiino  that  it  is  waiting. 
When  fresh  earth  is  needed  for  the  hopper,  it  is  carried  to  it  in  this  dry 
hud,  which,  after  being  emptied,  is  substituted  for  the  filled  one  under  tbc 
seat." 

This  is  the  simple  fonn  of  portable  commode  adapted  for  use  in  any 
room  or  closet.  A  fixed  apparatus  for  regular  use  requires  a  modiiication 
of  this  plan,  but  the  principle  is  the  same.  A  reservoir  for  the  dried  earth 
may  bo  fitted  up,  so  that  the  supply  need  be  renewed  only  at  long  inter- 
vals, and  the  iuconveniencc  of  frequent  removal  of  tho  charged  earth  may 
Ik*  (iispcnsed  with,  by  carrying  the  soil-pipe  down  to  a  vault  or  portable 
receptacle  beneath  the  lowest  closet.  The  receptaelo  of  each  closet 
should  be  provided,  at  the  bottom,  with  a  sliding  valve,  which  is  opened 
by  a  handle  when  the  holder  is  fall,  and  its  coiU^ntu  then  pass  through 
the  pipe  into  the  vault  or  other  proper  reservoir. 

The  principles  to  be  observed  in  applying  this  form  of  the  dry  method 
are  itated  by  Mr.  Waring,  as  follows: 

"1.  The  earth  for  use  in  closets  must  be  dry;  not  necessarily  dried  by 
artificial  heat,  but  made  as  dry  aa  it  can  be  by  exposure  to  the  air  and  by 
the  exclusion  of  rain. 

"  2.  It  must  contain  enough  alumina  (clay),  or  organic  matter,  or  oxide 
of  iron,  or  be  sufficiently  powdery,  to  give  it  sufBcieat  absorbing  power. 

*'  3.  It  must  be  sifted  of  its  stones  and  coarser  particles. 

*'  4.  The  mechanical  arrangement  of  the  closet  must  be  such  that  a 
sufficient  quantity  of  earth  will  be,  with  certainty,  deposited  upon  the 
faeoea — enough  to  cover  them  and  to  absorb  the  urine  of  the  single  evacu- 
ation. And  the  accumulation  under  the  seat  must  be  occasionally  raked 
down  or  levelled  off  in  tho  vault,  when  an  ordinary  vault  is  used. 

"  5.  When  the  vault  or  receptacle  has  become  too  full,  its  contents 
must  bo  removed,  and,  before  tho  supply  is  exhausted,  the  reservoir  must 
be  refilled. 

**  6.  If  the  earth  is  to  be  again  used,  its  organic  matter  must  be  de- 
stroyed by  fermentation,  and  its  moisture  must  bo  evaporated. 

'*  7.  In  towns  some  system  must  t>e  adopted  for  the  supply  of  earth 
and  removal  of  deposits,  either  by  the  public  authorities  or  by  private  en- 
terprise.*' 

The  advantages  of  the  dry-earth  system  are  summarized  '  by  Dr.  Bu- 
chanan, aa  follows: 
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"  1.  Tho  e&rth-closet,  intelligently  managed,  furnishes  a  means  of  dis- 
posing of  excrement  without  nuisance,  and  apparently  without  detriment 
to  health. 

"  2.  lu  communities  the  earth-closet  system  require*  to  be  managed 
hy  the  authority  of  the  place,  and  will  pay  at  leaat  the  expeasea  of  ita 
maiiageineiit, 

"3.  In  the  poorer  classes  of  housoa,  where  supervision  of  any  closot 
arrangements  is  indiKpeiisable,  the  adoption  of  the  earth  system  oITit*. 
special  advantages. 

"4.  The  earth  system  of  excrement- removal  does  not  supersede  Xh4 
necessity  for  an  independent  means  of  removing  slops,  rain-water, ; 
soil-water. 

"5.  The  limits  of  Application  of  the  earth  system  in  the  future  cae 
not  be  stated.     In  existing  towns,  favorably  arranged  for  access  to  tb 
closets,  the  system  may  be  at  once  applied  to  populations  of  10,(J 
persons. 

^  6.  As  compared  with  the  water-closet,  the  earth  system  has  these  ad* 
vantages:  It  is  ehcajier  in  the  original  cost;  it  requires  less  repair;  it 
not  injured  by  froel;  it  is  not  damaged  by  improper  substances  driven 
down  it;  and  it  very  greatly  reduces  the  quantity  of  water  required  by 
each  household.** 

The  disadvantages  of  the  system  are — the  trouble  and  expense  of  col- 
lecting, artificially  drying,  and  storing  the  earlli,  especially  in  crowded 
localities  ;  the  annoyance  and  expense  of  frequent  removal  of  tba  aaSX, 
which  has  only  trifling  commercial  value;  the  discomfort  somrtimesoe* 
casioned  by  the  earth  when  in  a  very  dry  and  powdery  state;  th«  eotaHtttt 
care  required,  eHpecially  among  the  improvident  classes,  to  pncvrnt  iAof», 
sink-water,  and  other  liquida  being  added,  by  which  the  object  of  the 
system  would  bo  defeated,  and  a  nuisance  created;  and  the  mx^essity  of 
supplementing  this  system  with  an  additional  provisiou  for  the  rt*niuval  o( 
liquid  refuse  matters. 

These  difficulties  would  be  greatly  ag^gravated  if  the  plan  were  appliod 
to  a  large  town  of  many  thousands  of  inhabitants;  indeed,  it  is  tolerably 
certain  that  the  use  of  the  dry-earth  system,  or  any  of  the  dry  raetbodi, 
even  as  a  mbstitute  for  the  offensive  privy  nuisances  which  usuaUy  exist 
on  premises  unprovided  with  water-closets,  however  satisfactory  for  oooe- 
try  houses,  public  institutions,  and  %'illage6,  is  entirely  impracticable  . 
densely  populated  places. 

Attempts  have  been  made  to  obviate  some  of  the  cUffioalties  mentifl 
above,  by  modifying  tho  construction  of  the  closet  so  as  to  separate  the 
urine  from  the  solid  portions  of  the  excreta,  and  allow  the  former  to  paas 
away  by  a  separate  channel.  In  one  form  the*  house-water  can  be  carried 
off  in  the  same  channel  with  the  urine.  In  another  plan,  the  urine  |tosaM 
into  some  absorbent  substance  in  tho  front  of  the  rvceptaule,  which  » 
separated  from  the  fa'cal  matter  by  means  of  a  partition;  ihc  solids  are 
therefure  kept  perfectly  dry.  13y  aome,theso  niotU6cations  are  coiiaiderod 
au  improvement,  but  wherein  it  consists  it  is  difficult  to  percvive,  siooe 
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they  really  unnecessarily  complicate  the  apparatus  and  render  it  tnoru 
liable  to  get  out  of  order. 

Charcoal  is  used  in  the  same  manner  as  the  dried  earth.  It  is  a  better 
disinfectant,  but  its  use  is  more  exi>eM8ive,  aItho\ig)i  a  smaller  quantity  is 
required.  Peat-charcoal  is  cheaper  than  animal  charcoal^  and  may  be 
used  in  its  place.  Mr.  Stanford  proposes  to  obviate  the  difficulty  of  price 
by  obtaining  charcoal  from  seawrpd.  It  is  a  c1i*^bji  Hrticle  and  very  use- 
ful as  a  deodorant,  .\fler  being  once  charged  with  the  excreta  it  may  be 
a^rain  used  after  being  recarbonized  in  a  retort  prepared  for  the  purpose, 
the  products  of  distillation  beinj:^  sufficient  to  pay  for  the  exjjense  of  re- 
burning  the  mixture.  Varirms  kinds  of  deoflorizing  powders  have  been 
substituted  for  dry  eartli  nnd  charcoal,  such  as  rarbolic  nctd  powders, 
Bond^s  terebene  powders,  cupralum,  etc.,  but  though  tliese  substances  are 
efficacious,  the  pl&n  is  objectionable  on  account  of  the  expense.  The  use 
of  sawdust  mixed  with  carbolic  acid  or  sulphuric  acid,  or  with  chloralum 
powder  has  likewise  been  suggested,  and  tried  an  a  small  scale. 

The  Gonx  system. — This  system  consists  in  collecting  the  excreta  in 
pails  or  receptacles  lined  with  some  dry  absorbent  substance,  to  which  a 
deodorant  is  usually  added, 

*'  A  taperiiij;^  tul»  or  container  is  provided,  say  \^it  inches  high,  and 
20  inches  at  its  greatest  diameter.  Upon  the  bottom  of  the  tub  is  placed 
3  or  4  inches  of  refuse,  such  as  new  stable-titter,  loft  sweepings,  stack 
bottoms,  ferns,  shavings,  sawdust,  shoddy,  flax  dressings,  spent  tan,  or 
hops,  or  the  various  wa^te  materials  to  be  found  in  the  town  or  country ; 
this  is  mixed  with  a  little  soot,  charcoal,  gypsum,  or  other  deodorizer,  for 
the  purpose  of  packing  or  lining  the  tub.  A.  mould  of  the  same  shape  as 
the  tub,  but  six  inches  less  than  the  internal  diameter,  is  placed  upon  the 
four  inches  of  ab.sorbent  material  referred  to,  and  the  Bpace  betwei^n  the 
mould  and  the  tub  is  |)acked  with  the  same  kind  of  refuse.  One  buy  can 
l>ack  eighty  tubs  in  an  hour,  and  this  is  all  the  manipulation  required, 
excepting  placing  and  removing  the  tubs  at  stated  times.  The  absorbent 
material  having  been  only  moderately  pressed  down,  the  mould  is  with- 
drawn, and  there  remains  &  cavity  into  which  the  dejections  fall,  the 
liquid  parts  of  which  are  taken  up  by  the  absorbents,  and  retained  by 
them,  ao  as  to  check  fermentation."  ' 

This  system  has  been  adopted  at  Rftlifax,  and  is  said  to  work  very  sat- 
isfactorily. It  is  certainly  an  immense  improvement  upon  the  ordinary 
privy  systems,  and  far  superior  to  many  of  the  plana  now  in  use  for  dis- 
posing of  excreta  by  means  of  pails. 

The  Kanitary  advantages  of  this  system  depend  upon  the  careful  pre- 
paration of  the  tubs,  the  exclusion  of  all  extraneous  matter,  chamber-slops, 
and  the  like,  and  the  careful  supervisioTt  of  the  system  by  the  authorities, 
so  that  the  pails  shall  be  prepared  in  a  suitable  manner,  and  carefully 
removed  at  the  proper  time,  without  causing  any  nuisance  at  the  place 


or  during  liic  transportation  of  the  material. 
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The  ash-closet  at/sltm, — The  ash-closet  B^stcm  has  boen  introduced  b 
several  large  towns  in  England,  where  it  was  desired  to  supplant  o«0k- 
pools  ami  privies,  and  the  results  have  boen  very  beneficial.  Referenm 
has  alrcadv  been  made  to  the  use  of  screened  ashes  as  a  substitute  tof 
dry  earth  in  the  ordinary  commode.  The  method  under  conaideratiun  re- , 
fers  particularly  to  the  incorporation  of  ashes  with  excrement  in  pftilv  orl 
small  vaultd^  easily  accessible  for  the  removal  of  their  contents. 

The  pails  used  at  Manchester  and  Salford  are  made  of  galvanised  iron 
fifteen  inches  high,  eighteen  uiches  in  diameter,  and  of  a  capacity  of  tooJ 
gallons.     In  both  places  cinder-sifters  connected  with  the  closets  bavel 
been  introduced,  and  appear  to  act  very  well.     It  has  boen  suggested,  byi 
way  of  improvement,  to  nmke  use  of  strong,  wooden  pails  instead  of  th«| 
iron  receivers,  and  to  place  the  tubs  on  a  level  with  the  ground,  instead  ot 
locating  them  in  pits,  iu  order  to  facilitate  the  removal  of  the  material,! 
and  to  secure  greater  oleanlinoss.     The  system  provides  for  the  f. 
removal  of  the  pail,  in  some  cases  as  often  as  once  a  week.     Mr.  i 
has  made  a  careful  exanitnalion  of  the  system  as  applied  at  Msneheaior,  j 
and  reports  upon  it  as  follows:  *'  In  tlie  series  of  Inspections  I  liave  made 
with  reference  to  the  working  of  this  new  system,  I  had  occaaion  first  tol 
observe  the  contrast  as  to  nuisance  between  the  dry-ash  closet  and  tha  oldj 
midden  closet.     In  several  street*  where  the  process  of  reconstrucrion  hsdl 
been  only  partially  completed,  it  was  possible  to  compare  llie  uld  and  nrn 
privy  arrangements  in  contiguous  premises.     It  was  llie  contrast  betwecnj 
open,  big,  uncleanable  cavities,  containing  a  greater  or  less  amount  of  de»1 
composing  forcal  matter,  and  emitting  a  horrible,  penetrating  o<lcir,  andl 
email  receptacles,  emitting  hardly  any  appreciable  smell,  even  with  th«| 
nose  above  the  pQvy-scAt,  and  admitting  of  thorough  cleansing.     Mostj 
significant  testimony  was  given  to  the  benefit  of  the  change  by  soaMtfj 
householders.     Many  houses  in  Manchester  are  built  in  paral lei  rows,  a  j 
back  passage  running  between  the  rows,  and  each  house  having  a  small  i 
yard  in  the  rear,  in  which  the  privy  is  placed.     Since  the  reconstruction  I 
of  the  privies,  *  it  has  been  possible  to  open   the  back  window*  of  th«« 
houses.*    The  chaiigt^,  moreover,  has  allvclerl  beneficially  the  value  of  o«»i- 
tage  properly;  and  tenants  are  quite  willing  to  givf  threepence  nwrc  rent 
weekly,  since  the  reconstruction  of  the  privies,  for  the  gain  in  d«*cency  j 
and  comfort.     Soakage  of  excremental  matter  Into  thti  soil,  and  ita  pamre 
into  and  accumulation  in  drains,  is,  of  course,  obviated  by  the  reoonsimr- 
tion;  and  the  smaller  space  occupied  by  the  new  closet  is  not  an  iinimpur- 
tant  matter.     The  removal  of  the  excrement* pail  is,  with  the  most  urdinarv 
care,  free  from  offensiveness;  and  if  commonly  condncted,  as  1  aaw  the 
operation,  it  may  well  be  executed  during  the  day-time,  and  '■  itni- 

lion  of  night-scavenging  done  away  with.     The  use  of  the  ■  ;ior» 

haa  been  adopted  by  householders  with  a  readiness  which  provns  how  aC'j 
curate  the  corporation  was  in  depending  upon  their  couix^rntion  in  \hi>' 
working  of  the  scheme.     The  high  price  of  coal  during  the  ltt*t  two  year*  I 
has  contributed  to  this  good  n*suU.  from  tli«?  value  of  the  cinders  in  wono- 
mixing  its  use.     It  ia  found,  also,  that  a  claaa  of  the  population,  cummunljr  J 
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bcliered  to  be  unmanageable  in  regard  to  any  niceties  of  arrangement  (or 
excrement  disposal,  have  rapidly  appreciated  the  advantages  of  the  new 
closet,  and  taken  to  tlie  use  of  the  cinder- sifter.  In  other  words,  it  has  been 
found  that  haliits  of  decency  and  order  in  the  particular  matters  referred 
to  have  been  largely  developed  with  the  opportunities  for  such  decency 
and  order.  Among  the  lowest  class,  occupying  sublet  houses,  and  having 
pris-ies  used  by  families  in  common,  it  will,  however,  probably  be  found 
necessary  to  adopt  some  special  supervision,  and  to  remove  the  excrement 
and  drj-  house-refuse  daily." 

Another  form  of  ash-closot  consists  of  a  small  water-tight  pit  to  receive 
the  excrement  and  ashes.  It  is  best  illustmted  by  the  arrangement 
adopted  by  the  town  of  Hull.  ]nste&<l  of  the  movable  receptacle,  a  shal- 
low vault  is  used  for  retaining  the  excrement.  Tt  is  built  of  bricks  in 
cement,  and  is  intende<l  to  be  tliorouglily  water-tight.  In  front  of  the 
seat  there  is  a  movable  board,  to  afford  access  to  the  pit.  Ashes  and  dry 
refuse  of  the  house  arc  thrown  down  through  the  hole  in  the  privy-.seat. 
Rain-water  and  slops  are  intended  to  be  excluded.  The  a«hes  absorb  the 
moisture,  and  render  the  mixture  sufficiently  dry  to  be  removed  by  a 
spa<]e.  The  removal  of  the  material  takes  place  about  once  a  week,  and 
the  carts  used  for  the  purjiose  are  required  to  be  water-tight  and  properly 
covered.  The  pit  consists  of  nothing  but  the  space  between  the  seat  and 
the  iiag  or  brick  tloor,  which  latter  slopes  a  little  from  the  front  toward 
the  back,  where  it  is  slightly  below  the  ground-level.  A  separate  closet 
is  provided  for  each  family;  otherwise,  in  practice,  it  is  found  impossible 
to  have  the  proper  care  taken  of  them.  The  capacity  of  the  receptacles 
is  purposely  limited,  so  as  to  prevent  accumulation  for  any  length  of 
time,  and  necessitate  frequent  removal  of  tho  sewage.  Unless  a  very 
considerable  amount  of  care  is  exercised  by  the  householder,  and  the 
scavenging  arrangpments  are  complete,  and  unless  regular  and  constant 
supervision  is  matfitained,  the  closets  are  sure  to  become  nuisancea  of  the 
worst  description,  rivalling  tho  old-fashioned  ash-pits  and  middens  which 
were,  and  still  are  in  some  places,  tho  abominations  of  English  towns. 

Dr.  RadcIifTe  gives  as  his  opinion  founded  upon  a  wide  range  of  ex- 
perience, tiiat  '*  in  all  forms  of  fixed  closets  the  foremost  condition — the 
one  to  which  alt  other  considerations  should  yield — is  the  J'rvqttenc'f  of 
removal  of  deposiU'tf  ext:rein€nt,^^  The  complete  removal  of  all  excrement 
within  a  day,  he  considers  as  practically  constituting  safety  in  I  lie  case 
where  the  material  is  unmixed,  or  is  only  mixed  with  ordinary  ashes,  and 
he,  with  Dr.  Buchanan,  recoiniiieiided  this  view  to  the  authorilles  of 
Hull;  but,  thus  far,  a  weekly  removal  is  all  that  has  been  attempted. 

The  ash-closet  system  may  fail  in  its  sanitary  objects  through  faulty 
construction  or  deterioration  of  the  walls  of  the  pits,  leading  to  imperfect 
cleansing,  and  perhaps  to  the  escape  of  liquid  filth  into  the  soil.  Or,  its 
designs  may  be  defeated  by  the  want  of  care  and  cleanliness,  particularly 
on  the  part  of  the  ignorant  and  improvident  classes.  The  use  of  the 
privy-pita  as  receptacles  for  house-slops  is  inevitable  in  a  certain  number 
of  cases.      It  can  hardly  bo  prevented,  except  by  an  amount  of  aupervi- 
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sion  which,  ordinarily,  it  would  not  b«  practicable  to  provide.  This  ] 
tice  hastens  the  decomposition  of  the  excrement,  and  may  lead  to  an  ooca- 
bional  overflow  of  the  receptacle,  and  to  all  the  evils  attendant  upon  a  bad 
form  of  oeaapool. 

All  these  disadvantages  have  been  experienced  at  Hull,  which  has  per 
haps  the  best  system  of  ash-closets  or  vaults  (fixed  receptacles)  that  has  i 
yet  been  adopted  by  any  town  of  considerable  size. 

The  dr\'-asl)  method  ha*  never  been  systematically  introduced  in  any^ 
town  in  this  country  that  we  are  aware  of,  nor  is  it  desirable  that  it  should 
be,  unless  as  an  improvement  upon  the  common  privy-well  or  cesspool, 
For  small  towns,  where  some  form  of  conservancy  must  be  dependcKl  upoo,  - 
the  dry-earth  system  offers  far  greater  advantages.  In  lar^  towns,  un- 
less impracticable,  the  water  system  should  be  adopted  as  beinf^  *'  the 
cleanest,  the  readiest,  the  quickest,  and,  in  many  cases,  the  moat  inoxpen^ 
sive  method"  of  removal  of  excreta.  In  regard  to  large  citieo,  the  que 
tion  has  already  been  practically  settled. 


3.    Other  St/stems. 

Privy-vattUs  and  cesspits. — It  would  be  a  waste  of  time  to  deaoribe 
these  forms  of  receptacle  for  the  accumulation  of  human  excrement^j 
Unfortunately,  the  public  are  already  ton  familiar  with  these  nuiaanc 
which  have  their  place  in  every  city,  town,  and  hamlet  in  the  land.  It  hss 
already  been  shoivn  that  privies  of  the  accumulative  sort  are  iujurious  to 
health,  and  should  be  discontinued,  especially  in  populous  places.  It  is  idtn 
to  ho|>o  for  this  muoh-neodcd  reform  until  public  opinion  is  more  enlight- 
ened upon  sanitary  topics,  and  our  local  authoriti^y*  are  clothed  with  raor«' 
ample  and  peremptory  powers.  In  the  meantime,  '^  all  that  can  be  at- 
tempted is  to  reach  such  a  modification  of  the  methods  now  in  tise  u 
sliall  render  them  at  least  much  less  offensive  and  dangerous  than  they 
now  are." 

Tlie  simple  pail  system. — This  is  one  of  the  systems  which  has  bMOl 
put  forward  as  an  amendment  of  the  system  just  alluded  to.  It  has  for 
its  aim  "  that  the  excrt^mental  matter,  unaltered,  shall  be  remove«I  from 
the  privies  at  so  short  intervals  as  not  to  have  become  offensive;  snd 
adopting  as  a  means  to  this  end  the  use  of  movable  receptacles,  which 
sj'stematically,  at  short  internals,  are  to  be  changed,  clean  for  dirty  by  tlic 
scavenger;  and  which,  for  the  prevention  of  nuisance  in  this  prnces&.  htvn 
close-fitting  air-tight  lids  to  be  applied  to  the  foul  pails  under  n»muv»L" 
Dr.  Parkes  states  that  this  plan  is  carried  out  in  a  part  of  the  city  of  Gbf 
gow,  containing  80,000  people,  with  satisfactory  results.  The  excrement 
is  removed  daily  without  admixture,  except  with  the  ordinary  kiieben* 
refuse,  and  is  transported  a  long  distance  with  profits  The  same  plan  hu 
been  adopted  in  some  English  towns,  and  in  a  number  of  cities  on  tli« 
continent. 

The  J'hsses  Mobiles  of  Paris  are  a  variety  of  this  system.     Tlte  paili 
or  barrels  are  not  placed  under  the  seat,  bnt  are  connected  with  thei 
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by  means  of  a  dosccnt-pipe,  which  is  usually  straiglit.  This  main  pii>c  is 
carried  kImjvo  the  building  for  the  purpose  of  ventilation,  and  at  its  lower 
end  rests  upon  a  slab  of  stone  over  the  receptacle,  which  is  placed  in  the 
ba-tninent  of  the  building.  The  connection  with  the  barrel  is  made  by 
means  of  a  sliding  copper  pipe  which  tits  in  an  opening  in  the  lid,  so  that 
the  excreta  are  delivered  directly  into  the  receptach'.  The  barrel  wlien 
full  is  placed  upon  a  small  cart  which  is  moved  on  rails.  Before  the  re- 
moval takes  place,  the  copj>er  pijw  is  withdrawn  from  the  vessel,  and  it* 
mouth  is  tightly  secured  with  a  cap  and  clamps;  tint  li<l  i^  then  removed, 
and  another  covering  without  any  opening  is  firndy  fastened  in  its  place, 
and  the  former  one  is  used  for  the  empty  barrel,  which  is  placed  directly 
under  the  outlet  of  the  privy  pipe;  the  copper  pips  is  then  adjusted  as 
before.  The  work  of  transfer  and  removal  is  quickly  and  neatly  done. 
The  barrels  are  sometimes  fitted  with  a  separator  for  keeping  the  faeces 
and  urine  apart;  the  latter  may  be  discharged  into  the  sewer  by  means  of 
a  small  pipe. 

The  **  Abfubrtonnen"  of  the  Germans,  are  similar  to  the  "Fosses 
Mobiles '*Df  the  French,  and  consist  of  wooden  or  metallic  vessels,  which 
are  placed  directly  under  the  descent-pipes,  and  when  filled  are  covered 
with  a  tightly  fitting  lid  and  transported  direct  to  the  country,  or  they  are 
emptied  into  a  vehicle  waiting  in  the  street.  The  removal  of  the  vessels 
is  necessarily  frequent,  as  iheir  capacity  is  limited.  The  excrement  is 
either  taken  direct  to  the  counlrj-  or  is  first  snbjected  to  a  process  of 
manipulation  by  which  it  is  converted  into  a  manure. 

One  of  the  simplest  and  most  satisfactory  plans  for  the  removal  of 
excreta  without  admixture  is  that  adopted  at  Rochdale,  tt  consists  of  a 
ifjoset  (outside  the  house)  of  simple  construction,  beneath  the  scat  of 
which  is  placed  a  tub  (usually  made  from  a  disused  petruleum  barrel  by 
cutting  it  in  two)  to  receive  the  solid  and  liquid  excreta  without  admix- 
ture with  any  absorbent  material.  The  *'  pall-s"  are  providetl  with  tightly 
fitting  lids  so  that  tlie  process  of  removal  is  iiioiTensive.  M'hcn  one 
pail  is  removed,  another,  which  baa  been  thoroughly  washed  and  dis- 
infected at  the  d^pot,  is  put  in  its  place.  The  pails  are  fitted  with 
iron  handles  so  as  to  be  more  thoroughly  under  the  control  of  one  man. 
Having  but  liniitc*!  capacity,  their  frequent  removal  becomes  a  necessity. 
In  Uochdale,  the  weekly  removal  seems  to  answer  very  well.  The  ashes 
arc  collected  at  the  same  time  and  userl  in  the  process  of  manure  manu- 
facture. Mr.  Taylor,  the  originator  of  the  system  at  Rochdale,  describes 
the  treatment  of  the  material  at  the  depot  as  follows:  "The  pails  are 
thoroughly  washed,  and  into  each  is  put  a  portion  of  chloride  of  alumina 
and  sulphate  of  lime.  The  excreta  are  emptied  from  the  pails  into  a  trench 
formed  of  fine  ash,  which  has  been  sifted  from  the  refuse  and  cinders 
collwtecl  by  the  ash-cart.  A  quantity  of  sulphuric  acid,  30  lbs.  to  one 
ton  of  excreta,  is  poured  into  the  trench  and  the  whole  mixed.  In  three 
days  the  trench  is  turned  over  with  a  spade,  and  again  in  twenty-one  days, 
by  which  time  the  whole  will  have  become  in  a  tolerably  dry  statf,  con- 
taining about  35  per  cent,  of  water.     Before  the  sale  of  the  manure  it  is 
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again  turned  orer  and  screoned.     The  quantity  of  excreta  to  aah  uaed  at 
present  is  7  owt.  of  ash  to  1  ton  of  excreta. 

"llie  ash'Cartspour  their  contents  into  the  hopj>erof  a  eiftiojr  mmcliim 
which  separates  the  fine  ash,  fino  cinder,  rough  cinder,  vegetable  matti 
glass,  pots,  and  rags.  The  disposal  of  this  refuse  is  by  using^  the  6n(*  aftl 
for  manure,  tlie  fini-  and  rough  cinder  for  furl  for  the  steam  boiler*,  an 
for  sale;  the  ve*^etab]e  niattor  is  burnt,  and  the  ash  from  it  ground  an 
added  to  the  manure  for  the  sake  of  the  potash;  the  clinkers  and  pots 
ground  up  for  mortar  and  cement,  and  the  rags,  glass,  and  iron  sold.** 

In  some  towns  the  contents  of  the  pails  arc  emptied  inKi  c«rt8.  If 
this  plan  be  adopted,  a  daily  removal  is  required.  But  this  system  is 
needlessly  offensive,  and  does  not  provide  for  the  cleansing  of  the  re- 
ceptacles. 

Proper  attention  and  frequent  removal  of  th<i  vesada  are  the  princi 
objects  to  be  aimed  at  in  carrying  out  the  pail  system.  V\khi  the  obttrrv 
ance  or  the  contrary  of  these  essential  features  will  depend  very  prratl 
the  Buccesa  or  failure  of  the  aystem. 

T/t€  aimjAe  pncumtttic  st/atem, — This  method,  in  its  best  form,  co^l^.^l 
in  the  provision  of  well-ventilated,  watertight  vaults,  of  small  dtinensicuu 
for  the  collection  of  solid  and  liquid  excreta  to  the  exclusion  of  all  other 
waste  substances,   such   as   housc*slops,   kitchen-refuse,   etc.,  which   ai 
emptied  in  an  odorless  nmnncr,  and  at  frequent  intervals,  by  menus  uf 
I>ortab]e  pneumatic  apparatus^  the  so-called  *'  odorleu  exoarating  appa^ 
ratus." 

To  derive  the.  most  satisfactory  results  from  this  plan  it  is  neccutaa 
that  the  construction  of  the  vaults  with  regard  to  their  form,  size,  loca- 
tion, and  other  details  be  under  the  strictest  municipal  regulations,  and 
that  the  subsequent  mauagemenl  of  the  vaults  and  the  rrnniv*!  of  ihcii 
contents  be  subjected  to  the  most  careful  sanitary  supervision.  Ait  m 
rule,  in  this  countr}-  at  least,  the  first -mentioned  important  requirtnnviit 
is  almost  entirely  neglected,  the  manner  of  the  construction  of  the 
ceptacles  being  left  to  the  discretion  of  the  private  householder  or  builder; 
consequently,  they  arc  almost  universally  unsatisfactory^  and  most  of  thutii 
are  positive  nuisances. 

Various  kinds  of  apparatus  have  been  used  for  cahauating  lh«  cud* 
tents  of  wells  in  an  wJorless  manner.  Suction  power  has  been  applied* 
the  air-pumps  uswi  for  the  purpose  being  worked  cither  by  atoam  or  bir 
hand.  In  another  kind  of  apparatus,  the  air  in  the  tank  is  exhausted  hy 
connecting  the  air-pump  with  the  wheels,  so  that  by  the  time  the  receiver 
arrives  at  the  vault,  it  is  in  readiness  for  filling.  In  still  another  arrange' 
meni  the  pumping  appliances  arc  dispensed  with  altogether,  an<l  only  tI>o 
reoeiWng  cylinder  is  used.  '*  M'hen  about  to  be  employed,  this  cylintirr 
LB  filled  from  a  small  stationary  boiler  with  steam  of  about  one  and  a 
quarter  atmosphere  pressuiv.  which  drives  all  the  air  rontaintMl  in  it 
tlimugh  a  chiiiuiey  containing  a  charcoal  fire  to  make  it  inofTensive.  When 
the  cylinder  la  filled  with  steam,  the  valve  is  closed,  the  oonnecting-pifw 
detached,  and  the  wagon  drives  to  ita  destination,    puring  the  transit  the 
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steam  condenses,  leaving:  a  perfect  Tacuntn  above  a  little  water  collecting 
in  tlie  bottom.  To  empty  a  cesspool  it  ts  then  only  necessary  to  fasten 
one  end  of  a  hose  to  a  coupling  socket  on  the  cylinder,  and  lower  the 
other  end  into  the  pool.  The  moment  the  valve  in  the  socket  is  opened, 
the  air  forces  the  sewage  matter  into  the  cylinder,  until  the  gases  uoliect- 
ing  in  the  upper  part  balance  the  pressure  of  the  atmosphere.  The  rc- 
«istance  of  these  gases  prevents  the  fdling  of  the  cylinder  to  more  than 
about  three-quarters  of  its  capacity,  the  suction  being  very  powerful  tn 
the  start,  but  gradually  slackening  off  until  brought  to  a  dead  stop  by  the 
above  cause."  ' 

Within  the  last  few  years  several  highly -improved  forms  of  apparatus 
have  been  brought  forward,  which,  having  won  merited  favor,  are  being 
rapidly  introduced  throuf.'hout  the  country. 

An  excellent  form  of  "  odorless  apparatus  "  is  illustrated  by  Fig.  85, 


^^^L  PiQ.  B!k— Odorleu  Kxcantitig  Appaxatna  (Thnk  Sffttan).* 

■  It  consists  of  a  pump,  hose,  a  tank,  and  a  charcoal  deodorizing  furnace 
I  for  consuming  the  gases.  The  tank,  having  a  capacity  of  about  500 
f  gallons,  is  made  of  wood  welbbraced  with  iron  hoops  to  add  to  its  strength- 
It  is  permanently  attached  to  a  truck  whic^h  is  drawn  by  iwo  horses.  At 
one  end  of  the  tank  is  placed  a  gauge  which  is  self-acting,  and  indicates 
the  level  of  the  sewage  and  the  quantity  of  this  material  contained  in  ti.e 
receiver.  A  small  charcoal  furnace  is  placed  over  a  vent  hole  upon  the 
top  of  the  tank,  and  this  opening  ia  anrecned  bv  a  wire  gauze  to  prevent 
ignition  of  the  gas«8  in  the  receptacle.     During  the  pumping,  the  foul 


Krepp  :  The  Sewag«  QneRtfon.  1607,  p.  88. 
*  The  appiunttuR  nwd  by  "  The  Odorlna  Excavating  Apparatiu  Company." 


520 


SOIL    AND    WATER. 


air  displaced  by  the  entrance  of  the  sowBge  is  conipellcKl  to  pas«  through  I 
the  burning  chftrcoal,  and  is  thus  coi\8unie<l  without  causing"  an*  nff(<iiiie. 

The  pump,  which  is  the  invention  of  Messrs.  Painter  &  Keixerof  Haiti*] 
more,  has  great  merit  on  account  of  the  simplicity  and  efltoiency  of  it: 
valves.     The  valves,  which  are  of  vulcanized  rubber,  are  not  easily  diaar<i 
ranged,  and   they  are  so  combined   as  to  give  free  |>asBage  to  whatevivj 
material  is  drawn  up  into  the  hose.     The  pump  is  worked  by  hand.     All 
Ane  end  of  it,  a  four-inch  lioae  is  attached  and  carried  into  the  well.     At] 
the  other  end  is  attached  another  section  of  hose,  nf  the  same  diameter,] 
which  U  then  connected  with  the  top  of  the  air-light   tank   by  n  |>ate«tl 
coupling  arrangement  which  can  be  quickly  and  tiifhtly  adjusted,     ^^'beu 
all  is  in  readiness  the  pump  is  set  in   motion^  and   the  contents  of  the 
Tault  are  rapidly  delivered  into  the  receit-lne:  tank  without  any  exposuru 
to  the  air,  and  consequently  without  cn*ating  any  offfnsivHjtniells.     When 
the  operation   is  over,  the  end  of  the  hose'wiihdniwn  from  the  well  isi 
cleaned  in  a   barrel   provided   for  the  purpose,  and  the  soiled    water  i«j 
pumped  into  the  tank.     The  hose  are  disconnected  and  all  the  openinga  inj 
tank,  pump  and  hose  are  quickly  covered  with  tightly-fitting  caps,  without  I 
the  escape  of  any  of  the  sewage.     The  whole  process  from  beginning  to  J 
end  is  thoroughly,  inoffensive  I  y,  and  quickly  jK-rfonneil. 

There  is  another  deacription  of  "odorlesa  apparatus,"  which  is  aoroe-l 
times  called  the  "  barrel''  system,  to  distinguish  it  from  the  method  just 
described,  to  which   the  name  of  "  tank  "   aystom  has  usually  been  ap- 
plied.     It  consists  of  the  following  jiarts: 

The  pum]>,  A. 

Pump-receiver,  JB. 

Suction-hose  and  connections,  C 

Leading-huse  and  connections,  JK 

Air-hose  and  connections,   0. 

Barrels  and  fittings,  O. 

'FumHce  deodorizer  and  connections,  IT  L. 

Tlic  pump  is  placed  upon  wheels  to  render  its  morementa  more  easy. 
It  is  used  simply  as  an  air-pump,  no  sewage  ever  passing  through  il.  lt« 
uses  are,  first,  to  create  a  vaenum  in  the  pump-receiver,  and  pass  the  ex- 
*  haustcd  foul  air  into  the  furnace-fire  to  be  consumed ;  and.  second,  to  com- 
press air  upon  the  contents  of  the  pump-receiver,  and  force  them  thrxxi^b 
the  krge  hose  into  the  barrels  upon  the  truck.  The  foul  air  displaced 
in  the  barrels  is  deodorized  by  .being  passed  through  a  furnace  aimilar  to 
that  connected  with  the  air-pump. 

The  pump-receiver  {B)  ia  a  strong  oak  barrel,  hanng  a  capacity  o( 
alH>ut  forty-five  gallons.  It  is  provided  with  two  valves  or  gat*-*,  oM 
near  the  top  nnd  the  other  near  the  bottom.  Tlie  suction-hose  which  con- 
nects the  receiver  with  the  vault  is  attached  to  the  upper  one,  and  the 
husc  leading  to  the  wagon  to  the  lower  one.  The  head  of  the  receiver  i» 
provided  with  a.  coupUng-spud  for  the  attachment  of  the  air-hose. 

The  barrels  (0)  are  strong,  forty -five-gallon  oak  barrets,  which  har« 
two  coupling-spuds  in  the  head — one  for  the  attachtncnc  of  the  leading- 


BOIL   AITD   WATKB. 


$31 


hose,  and  the  other  for  either  the  air-hose  connection  or  the  attachment 
of  the  funiace  Hpodorixer,  according  as  the  barrel  is  beiiij^  filled  directly  or 
indirectly.  Sealing-caps  are  littod  to  those  openings  wlu»t)  thn  barrels  are 
fulL  The  Buotion-hose  (C)  and  leading-fao5e(A')are  made  of  rubber,  and 
liave  an  inside  diameter  of  three  inches.  The  former  h  lined  with  spiral, 
galvanized  flat  iron  or  brass  wire  ti>  prevent  roIlap»e.  The  couplings 
are  simple  and  readily  adjusted.      In  operating  the  apparatus,  the  pumpt 
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pomp-receiver,  deodorizer,  and  fittings  are  brought  close  to  the  vault.  If 
the  material  is  to  be  traiisfcrruil  from  thf:  pump-receiver  to  barrels,  these 
are  in  rcadiiicaa  upon  a  truck  in  the  strent,  and  are  connected,  one  after 
another,  with  the  receiver  by  means  of  the  teading-liose. 

WHien  a.11  the  parts  of  the  apparatus  are  properly  arranged,  and  all  the 
couplings  and  connections  have  been  made  air-tight,  the  manner  of  work- 
ing the  apparatus  is  as  follows: 

"  Lift  thp  gate,  f/,  on  pump-rwceiver,  B  ;  see  that  the  lower  gate,  I*,  is 
shut  tif/he.  Work  the  brakes,  when  thn  air  will  be  exhausted  from  the 
receiver  vid  the  float  valve  opening  and  air-hose ,^w.  Tlie  contents  of  the 
vault  will  at  once  rise  through  the  suction-hose,  C,  into  the  receiver,  till 
the  material  lifts  tlip  cork  float-valve  and  stop^  the  pump,  the  receiver 
being  full.  Instantly  shut  the  upper  gate,  a.  The  foul  air  exhausted 
from  /(  has  passed  through  tlic  pump  and  short  air-hose,  fc,  under  the  fire 
in  (he  deodorizer,  IT,  and  is  consumed. 

"To  transffir  tli«  uiateriitl  lo  the  barrels  or  tank  on  the  wagon,  uncou- 
ple the  end  of  air-hose,  fr.  from  the  suction-spud  of  the  pump.  Re- 
move the  free  end  of  air-liosn,  A-,  from  the  throat  of  the  deodorizer,  and 
couple  the  ends  of  k  and  G  together. 

"Have  goose-neck  valve,  Fj  on  the  wagon-barrel  lifted.     Lift  lower 


^  The  appaintaa  used  bj  ''The  Ames  Kaglo  Oilorlosa  Bxcaratlag  Apparfttoa  Com- 
pary." 
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jETitte,  ft,  on  receiver,  and  work  the  brakes,  when  the  compressed  air,  driven 
in  at  the  top  of  the  receiver,  will  rapidly  force  the  contents  through 
the  leading  hose  into  tlie  wagon-barrel.  When  the  wagon-barrel  is  ftiU, 
it»  float-valve  will  be  Hftetl,  and  liie  roar  of  the  wagon-deodoriwr,  L 
(which  has  consumed  the  foul  air  forced  from  the  barrel),  will  cease. 

".The  goose-neck  valve,  V^  and  deodorixer,  L,  may  now  be  coupled 
with  the  next  wagon-barrel,  and  the  process  resumed  as  dpsrribwl.  If  a 
long  line  of  leading  hose  is  used,  it  will  be  necesaary  to  reserve  one  wagon- 
barrel  for  ita  contents,  or  it  may  be  returned  on  itself,  and  the  oooCenU 
discharged  into  the  vault."' 

By  this  nietliud  the  barrels  may  be  filled  either  at  the  vault  or  at  Mme 
distant   pc>itit,   wliichever    may  be   more   convenient.     There   is 
advantage  which  this  method  has  over  the  "lank"  system; 
the  facility  with  which  the  sewage  can  be  transported  by  wagon,  boat, 
or  rail  without  causing  any  offense,  and  delivered  to  farmers  at  a 
lance   in   convenient   quantities  fur  JMiineiliato  application   to   the  land 
This  method  is  likewi&e  neat,  inoffetisive,  ready  and  efKcient,  and  non 
mends  itself  to  the  favor  of  the  authorities  where  vault  emptying-  is  stil 
practised. 

These  two  examples  represent  two  9tyl(»s  of  apparatus  now  in  praclic 
operation  in  many  cities.  There  are  diffirerices  in  the  meclinniKm  of  tli 
pumps,  and  in  the  arrangement  of  the  parts  of  the  apparatus,  and  in  the 
kind  of  receptacle  and  deoflorixer,  hut  the  same  general  principles  arv 
applied  in  all  the  different  apparatuses. 

The  privy-vnult  system  is  an  exceedingly  objectionable  one,  unle 
made  to  conform  absolutely  to  the  most  stringent  regulations  wUichr  ifl 
practice,  it  is  found  almost  impossible  to  carry  out.  But  where  the  use  i 
privy-vaults  and  cesspools  is  still  persisted  in,  it  is  the  duty  of  the  aanita 
rian  to  indicate,  and  of  the  public  aulhorities  to  put  into  operation,  tli 
very  best  appliances  that  can  be  densed  for  mitigating  or  preventing  th 
annoyances  and  dangerit  which  attend  the  revolting  practice  of  emptying 
these  receptacles  by  hand,  shovel,  and  bucket. 

Some  of  the  objections  to  the  vault-svstem  are — that  the  walU  of  the 
receptacles,  however  well  built  and  tightly  cemented  in  the  first  place,  sre^ 
liable  to  become  deteriorated  either  from  the  action  of  the  sewage,  th 
settling  of  the  ground,  or  by  the  influence  of  frost,  and  alhiw  more  or  lei 
of  the  sewage  to  escape  into  the  soil  and  into  wells  use<l  for  watcr-supplyJ 
to  the  detriment  of  the  public  health.     The  pollution  of  fh«  air  of  dwc 
ings  by  the  evolution  of  noxious  gases  resulting  from  the  dcoompotitia 
and  putrefaction  of  the  sewage  matter,  especially  when  accuranlaled  ifl 
Inrge  volumes  and  retained  for  a  long  time,  U  another  serious  objection  < 
this  system. 

From  an  agricultural  view-point,  the  value  of  exoromental  matter  afuv 
fennentation  and  putrefaction  has  taken  place,  which  is  invariably  thr 
cueo  when   the  retention  is  of  long  continuance,  is  greatly  diminished, 


'  Ani«i  :  Baffle  Odorlen  KxcaTatinfr  Apparntai,  Boctou,  187B,  pu  8(1 
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and  the  niaterial  is  rendered  almost  worthless  for  fertilizing  purposes 
(Krepp). 

The  emptying  process  need  not  be  offensive  if  the  vaults  are  used  for 
the  purposes  for  which  they  are  intended.  But  if  ashes,  gnrbftge,  crook- 
ery,  and  refuse  of  every  description  are  thrown  into  them,  resort  must  be 
had  to  ^^piUitiff,'^  which,  even  in  its  best  form,  is  an  exceedingly  offen- 
sive and  objectionable  opemtioii. 

27ie  Lkrmtr  pncumiidc  stfsUm, — This  ingenious  and  novel  phni  has  re- 
cently been  brought  to  public  attention  as  a  solution  of  the  groat  problem 
of  town  sewerage.  It  consists  in  the  provision  of  air-tight  tanks  which 
are  placeil  at  convenient  distuiKres,  under  the  street  crossings,  and  arc  con- 
nected with  the  closets  of  houses  by  means  of  air-tight  pipes.  These  dis- 
trict reservoirs  are  again  connected  with  other  reservoirs,  looAt.e<i  at  a, 
ccntrid  station,  by  a  separate  sysftem  of  air-tight  pipes.  By  means  of 
these  pipes  the  air  is  exhausted  from  the  local  reservoirs  hy  an  air-pump 
worked  by  a  steam-engine,  and  the  sewage  is  drawn  along  the  pipes  to 
the  central  reservoir,  and  is  then  converted  into  a  fertilizing  puwiler,  or 
transferred  to  barrels  for  irHii.s]»ortiition  to  the  country. 

The  following  de»criptiun  of  the  plan  and  the  details  of  its  operation 
by  Mr.  Adam  Scott,  is  taken  from  a  paper  on  "The  Dispoeal  of  Sewage*' 
by  Dr.  Folsom:  ' 

"  In  a  building,  in  any  convenient  part  of  the  town,  is  placed  a  steam' 
engine,  which  drives  an  arr-puinp,  so  as  to  maintain  aViout  throe-fourths 
vacuum  in  certain  cast-iron  bennetically-clo«ed  reservoirs  sunk  below  the 
floor.  From  these  reservoirs  central  pipes  radiate  in  all  directions,  follow- 
ing the  main  streets.  On  these  ceniral  pijws  arc  laid,  from  distance  to 
distance,  street  reservoirs  sunk  below  tin*  pavement.  From  the  street 
reservoirs,  up  and  down  the  street,  are  main  pipes  cotnmunicating  by 
short  branch-pipes  with  the  olosets  of  each  house. 

"  All  the  junctions  of  pipes  with  reservoirs  are  fumiahed  with  cocks, 
so  that  they  can  be  shut  off  or  turned  on  at  ploasui-e,  like  water- 
mains,  and  are  got  at  by  cock-boxes,  and  turned  by  keys  in  the  ordinary 
way.  The  vacuum  created  in  the  central  building  reservoirs  can  thus  bo 
oommunioated  to  any  given  street  reservoir,  so  as  to  furnish  the  motive- 
power  by  which,  when  the  connections  with  the  houses  are  opened,  all  the 
closets  are  siniiiltaneously  emptied. 

"  When  their  contents  reach  the  central  reservoir,  they  arc  in  like 
manner  forced  through  the  central  tubes  to  the  reservoirs  under  the 
central  building,  and  thence  transferred,  by  means  of  vacuum-power, 
to  hermetically -closed  tanks  above  the  floor  of  the  hndding.  From 
these  retorts  the  matter  is  again  decanted  in  a  fluid  form  in  barrels, 
for  immediate  transport  to  the  country,  by  means  of  hermetically-closed 
apparatus. 

"  During  the  construction  of  this  system,  and  before  connections  are 
made  with  the  central  building,  a  locomotive  engine  empties  the  different 
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street  reservoirs,  atitl  the  closets  cminectad  therewith,  by  means  of  a  ho 
from  the  tender  to  the  rcsen'oir. 

"  Closets  uf  the  simplest  possible  ohantoter  are  all  that  are  rcquir 
and  no  water  whatever  is  needed.     The  funnel  is  made  double,  the  spaa 
between  the  two  coinmunicatini;  by  a  pipe  with  the  outside  air. 

"The  excrement  falls  into  a  sort  of  hydraulic  trap,  ca[>&ble  of  hohlin 
the  fecal  products  of  but  one  person,  and  compelling  than  what  it  helj 
twforu  to  fall  into  a  larger  trap  of  four  times  greater  capacity.     This  latti 
dischar^*a  in  the  branch  tube,  which  Is  connected  with  the  main  tufa 
aod  empties  into  the  street  rcsorvoir. 

*'  The   branch  tubes  from   the   houses  are  laid   with  a  aucoesMon 
grades,  not  less  than  one  in  ten,  rising  at  every  twenty  feel  by  a  she 
syphon-tubo,  two  feet  high,  to  the  beginning  of  a  new  grade,  until  it  fa 
into  the  main  tube.      It  is  by  means  of  these  continually  repoatcd  she 
bends  that  the  romoval  of  the  contents  of  so  many  privies,  by  turning  onB 
one  cock  on  a  umiu  pipe,  is  possible,  whether  or  not  any  arc  t>iiipty  > 
account  of  the  house  being  uninhabited.    The  fecal  mass  itself  practice 
forms  the  required  temporary  closure  from  the  main  pipe,  allowing,  throuj 
iis  inertia,  all  tha  branch  pi]>os  to  be  simultaneously  and  equally  acted 
u|X)n  under  all  circumstances.     Ail  metal  valve*  formerly  employed  for 
this  ptirjiosc,  and  likely  to  got  out  of  order,  arv  now  done  away  with. 

"The  main  pipes,  into  which  the    branch  pipes  discharge,   are 
with  a  fall  of  one  in  seventy-five,  without  any  break  until  near  the  low 
«nd,  when  they  are  suddenly  l>ent  upward  by  a  syphon-pipe,  ao  a* 
reach  the  upper  part  of  the  reservoir.     On  the  upper  part  of  the  sypbe 
is  placed  the  cock  which  connects  or  disconnects  the  main  tube  with  \h 
reservoir. 

*'Tlie  central  tubes,  whirli  lead  directly  from  Uw*  reservoirs  to  the  r«8 
tral  building  reservoirs,  communicate  with  the  lower  part  of  the  forma 
by  means  of  short  pipes,  and  proceed  in  grades  of  one  in  a  hundml, 
broken  every  hundred  metres  by  a  syphon  rise." 

This  system  has  never  been  tried  in  England,  nor  has  it  met  with  any 
favor  in  the  United  States,  although  it  has  been  widely  heralded, 
the  continent  partial  experiments  have  been  made,  but  no  town  or  eitj|| 
has  applied  the  method  on  a  very  large  scale. 

Both  in  Prague  (IS08)    and   Hanau^    where  it  has  been  tried  on  «" 
small    S(!ato,  the  judgment   was  unfavorable,    thuugli    C'apt.  I^iemur  ha* 
stated  that  the  objectionable  parts  have  since  been  romotlied  by  iroprDVi*^^ 
raents  in  the  system.  ^* 

In  Leyden  a  portion  of  the  oily  inhabited  by  the  poorer  olaaaM  «u 
supplied  with  this  system.  It  was  found  to  be  an  impmvement  upon  l)i< 
«ld  plan  of  throwing  the  Hltb  iiitu  the  canals,  but  il  has  not  h>?^u  furthe 
extended. 

In  Amsterdam  it  was  likewine  intnxiuccd  in  ih**  piM>rer  pari^  of  tli 
city,  where  no  provision  for  sewage  had  ever  bc<'n  made,  thu  cunaU  ha*-u>i| 
been  tise^l  for  all  refuse  which  coultl  not  escape  by  sur(atv-<lrairtage.      Ili»f<» 
the  results  are  said  to  have  been  satisfactory,  though  no  steps  h«ve  been. 
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taken  towanl  the  general  intrixliiction  of  the  works.     The  better  c1aasi><i 
■re  said  lo  prefer  water- closets  and  cesspoolB  (Folsom). 

Other  places  or;  the  cantirieiit  have  experiiiieiited  with  the  method; 
atnotig^  the  number  are  BrUiin,  OhnOtz,  and  i^t.  Petersburg,  and  the  re- 
sults of  the  trials  have  been  variously  reported  on. 

*  It  is  objected  to  the  system  that  the  pipes  are  apt  to  become  clogged 
with  fecal  nutter,  and  that  the  closets  are  often  very  oftenstre.  Some- 
times the  closets  become  completely  obstructed,  when  the  stench  is  intol- 
erable. To  overcome  this  annoyance  flushing  is  resorted  tu,  and  auiong- 
the  better  classes  water  is  very  freely  used,  though  only  a  limited  quan- 
tity is  allowable;  the  result  Is  a  deterioration  in  the  strength  of  the  sew- 
age and  an  increase  in  the  cost  of  disposal.  Ur.  Kolsom  states  that  Capt. 
Lieniur  purposes  to  overcome  this  difficulty  by  providing  automatic  water- 
closets,  allowing  one  litre  of  water  at  each  use. 

With  the  Liernur  system,  sewers  for  rain-water,  street  drainage,  house 
<lops,  etc,  arc  still  necessarj-. 

The  system  certainly  possesses  considerable  merit,  and  might  be  ad- 
vantageously used  in  localitiob  where  the  disposal  of  oxcrrta  by  water- 
carriage  is  impracticable.  It  is  perhaps  too  soon  to  pronounce  decidedly 
upon  the  practical  working  of  the  scheme,  since  many  of  the  objections 
urged  against  it  may  in  time  be  remedied  by  mechanica,!  Improvements' 
which  might  place  it  in  a  very  different  light.* 

77i«  diJfereiU  syAtenis  com/Mtred. — The  question  of  the  beet  method  of 
disposal  of  sewage,  abstractly  considered,  is  not  a  diflicult  one  to  solve. 
But  when  all  the  circumstances  of  place  are  taken  into  consideration,  it  is 
evident  that  no  one  system  can  be  singled  out  as  applicable  In  all  cases. 
Local  conditions  must  necessarily  be  consulted  before  determining  the 
best  method  to  he  Afiopted.  The  best  method  for  one  locality  may  be 
altogether  impracticable  for  another  locality. 

It  has  already  been  pointed  out,  that  where  all  the  circumstances  are 
favorable  the  water-carriage  system,  by  which  a  neat,  ready,  and  quick 
disposal  of  the  sewage  is  ensured,  is  unmistakably  the  best  adapted  for 
large  towns.  It  will  be  generally  admitted,  that,  for  such  places,  the  pro- 
vision of  sewers  to  curry  off  the  waste  fluids  from  dwellings,  the  refuse 
from  trades,  and  street- washings,  etc.,  is  an  absolute  necessity.  The  only 
point  in  dispute  is  whether  the  exereta  shall  also  be  added.  It  has  been 
seen,  that,  even  without  the  admixture  of  solid  excreta,  sewage  is  an  exceed- 
ingly impure  substance,  and  must  needs  be  purified  before  being  admitted 
into  streams.  The  difficulty  really  resolves  itself  into  the  treatment  of  an 
increased  volume  of  sewage  required  wJiere  water-closets  are  in  use.  It 
is  simply  a  question  of  additional  expense,  which,  as  an  objection,  falls. 


'  Sec  Krepp  :  The  flewat'C  tiuentioii,  1807. 

Die  pDcumatiiwbe  Conaluation  in  der  Fraxis,  van  Capltain  Liemur,  Frankfurtt 
187a 

SoTentb  Anoaal  Report  Maasaf^oMtta  State  Board  uf  Ilootth,  p.  311, 

Waring     Sanitary  Draiasf;?,  p.  384. 

Deatiobe  Viortclj   fUr.  off.  Oeuindhcitspll.,  Bd.  iv.,  S.  316  a.  460. 
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when  the  cost  of  a  separate  system  for  excrement-removal  is  taken  i 
consideration. 

The  main  objections  to  sewers  are  founded  upon  faults  in  their  < 
struction.  But  the  objections  are  not  valid.  A  faulty  pieeo  of  mechan 
is  haver  taken  as  u  standard  by  which  to  judge  of  the  efficiency  of  a  n 
perfect  example.  It  speaks  only  for  itself.  If  sewers  are  constructei 
the  best  possible  manner,  if  the  outfalls  are  carefully  Eelected,  if 
house  arrangements  comport  with  standard  regulations,  if  the  wa 
supply  is  ample;  and  if  all  the  details  of  the  system  are  thoroughly  car 
out  under  the  best  engineering  skill,  sewers  cannot  be  hurtful,  even  ^ 
the  addition  of  the  solid  excreta,  which  do  not  materially  increase 
impurity  of  the  sewage. 

Small  towns  and  villages  cannot  avail  themselves  of  the  benefits  of 
sewerage  system,  on  account  of  the  expense  of  constructing  the  works 
of  providing  the  necessary  water-supply.  In  such  cases  the  dry  cons 
ancy  system,  invariably  combined  with  frequent  removals,  should  have 
preference.  Some  form  of  dry-earth  closet  or  charcoal  closet  will  meet 
wants  in  a  satisfactory  manner.  In  rural  districts  the  dry-earth  syst 
if  properly  carried  out,  will  meet  every  requirement.  In  sea-side  toii 
where  the  proper  kind  of  earth  cannot  be  cheaply  obtained  (sand  car 
be  used  as  a  substitute),  some  other  form  of  dry  removal  may  be 
sorted  to.  The  simple  pail-system  would  certainly  be  a  great  impn 
ment  upon  the  pits  in  general  use,  which  are  purposely  constructed 
allow  the  liquid  filth  to  drain  away  into  the  soil  to  save  the  expend 
removal.  Small  cast-iron  reservoirs  might  be  provided  in  the  place 
cemented  brick-vaults  (which  cannot  be  depended  on  as  being  water-tig 
from  which  everything  except  solid  and  liquid  excreta  should  be  exclut 
The  reservoir  should  be  placed  under  a  well- ventilated  privy-house, 
it  is  desired  to  connect  it  with  a  closet  projecting  from  the  house, 
soparatc<l  from  it  by  n  wp]l-veiitiitttr>d  spaco,  the  descent-pipe  shoulrl  U 
diret^t  as  possible,  and  the  basin  should  be  of  plain  jylazod  earthenwan 
the  hopper  pattern.  This  rould  be  kept  clean  bv  the  use  of  the  chainl 
water.  The  ((mnecliori  betwiMMi  tiie  reservoir  and  tlie  pipe  rniirht 
heriiietieally  seiiled  I)y  a  valve,  to  be  opened  hy  a  lever  oiiee  a  ciay.  ^\' 
full,  the  reservoir  slioiild  be  emi)tied  by  means  of  the  "odorless  aj 
ratua  "  already  described. 

T/ie  T>ixposiil  of  Seicaffe. 

It  ha.s  already  been  .shown  that  the  water-earria^e  system  is,  as  a  r 
tlir-  lirsl  incthtKl  for  jr<'ttiii;r  rid  of  uxcreta  and  otlier  refuse  matters.  ' 
(lUfsiiuii  of  ih»-  ult  iinati'  di^])osal  of  the  sewer- water  is  vet  to  be  considei 

Tile  niwst  iiiitiMul  mode  of  jrettiiiiT  rid  of  this  inattitrial  is  bv  diwh; 
iiii,'  it  'lireeily  itiio  tlie  ocean  or  inti*  the  nearest  watercourse:  and  thi 
tlie  iii>|>osit inn  iiiiiiosi  iiivarialtiv  made  of  it  in  this  oovmtrv.  and.  v 
some  exc.pt  Imms.  in  other  cmintries.  In  p^n^land,  under  tlie  Itivers"  I 
lutifjii  Act,  the  tUscliarge  uf  sewage  into  any  river  or  stream,  witiiout  j 


I 
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vious  purification,  is  now  prohibited  so  far  as  relates  to  alt  new  drainage- 
works. 

There  are  sereral  objeetion«  to  the  disposal  of  sewag-e  by  allowing-  it 
to  flow  directly  into  rivers  or  streams.  There  is  the  danger  of  silting  ii]» 
the  beds  of  streams  by  the  deposit  of  substaiioea  suspemled  in  the  sewage. 
This  has  actually  ooemred  in  the  river  Thames,  where  extensive  ahoals 
were  formed  below  the  outfall.  Before  the  present  sewerage  works  were 
constructed,  the  accumulations  were  so  rapidly  forming  as  to  seriously 
threaten  the  safety  of  navigation.  In  small  streams,  though  not  naviga- 
ble, this  danger  may  prove  to  be  a  most  serious  one.  In  tidal  rivers  the 
suspended  matters  are  carried  up  stream  as  well  as  down  stream,  unless 
the  outflow  is  regidateil  so  that  the  discharge  takes  place  only  with  the 
descending  current.  Even  with  this  prt?i'«ulion  it  \»  shown,  by  Mr.  Baza]- 
gette,  that  a  portion  of  the  solid  matters  contained  iu  the  sewage,  and 
carried  down  to  a  certain  point  by  the  ebbing  tide,  is  returned  again  by 
the  ascending  tide  and  de^ioaiced  above  the  point  of  discharge.  Largo 
sums  of  money  are  annually  expended  for  dredging  out  depositu  fruni 
sewers  along  our  city  fronts.  This  is  the  constant  result  of  the  exceed- 
ingly bad  practice  of  thus  improperly  locating  the  sewer  outlets.  By  the 
use  of  intercepting  sewers,  baring  an  outfall  at  a  distance  below  the  town, 
this  iuconvenience  and  expense  could  be  avoided. 

Another  objection  is  that  valuable  stocks  of  fish  are  destroyed  by  dU- 
charging  sewage  into  streams.  Sewage  in  the  fresh  state,  or  when  very 
much  diluted,  as  is  the  case  in  our  large  rivers,  is  probably  not  hurtful. 
It  is  the  gases  pruiluoL'd  by  the  decomposition  of  the  deposits,  ]>articularly 
sulphuretted  hydrogen,  that  are  said  to  be  the  hurtful  agents.  The  agncul- 
turist  opposes  the  plan  on  the  ground  that  u  vast  amount  of  valuable  fer> 
tilizing  material  is  thus  turned  to  waste.  If  the  cost  of  reclaiming  the  fer- 
tiliziiig  ingredients  of  sewage  is  greater  than  the  value  of  the  material 
recovered,  "  then  the  true  econoni}'  is  found  in  the  aj»}>arent  waste." 
The  exhalations  from  streams  overcharged  with  sewage  may  become  a 
nuisance,  and  the  deposits  of  organic  matter  upon  the  banks  of  rivers, 
and  their  exposure  by  the  receding  tide,  may  be  a  source  of  annoyance, 
if  not  of  positive  danger. 

Bui  the  most  serious  objection  arises  from  the  contamination  of  the 
drinking-water  of  towns  located  further  down  the  streams.  Corfield 
mentions  cases  in  England  wliere  towns  actually  turn  their  own  sewage 
into  rivers  only  a  short  distance  above  tlie  point  from  wliioh  the  water- 
supply  is  taken.     This  is  not  an  uncommon  practice  in  the  United  States. 

Generally  speaking,  in  this  country  the  instances  are  rare  where  any 
towns  have  seriously  suffered  from  the  effects  of  this  mode  of  sewage 
disposal.  Most  of  our  cities  and  large  towns  are  situated  either  along  the 
seaboard  or  upon  great  rivers  or  lakes,  where  large  volumes  of  water  are 
always  available.  But  as  the  country  develops  other  places  not  so  favor- 
ably situated  will  be  obliged,  for  self-protection,  to  solve  this  most  im}>ur- 
tant  problem  by  the  adoption  of  .some  plan  for  the  puriti<'ation  of  sewage. 
Already  one  of  our  States,  recognizing  the  great    importance  of  pro- 
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tecting  the  health  of  its  citizens,  has,  by  "  an  act  to  provide  for  an 
vesttgation   of  the  question  of  the  use  of  running  streams  as  comr 
sewers  in  its  relation  to  public  health,"  set  on  foot  an  inquiry  which 
proiluced  highly  interesting  and  most  valuable  reports  covering  this  en 
subject,  to  which  reference  may  be  made  with  advantage.' 

The  methods  of  disposal  of  sewer-water  are  various.  They  may 
briefly  alluded  to  as  follows: 

1.  Disc/tarf/e  directly  into  ntnning  streams. — This  is  the  plan  resoi 
to  in  the  United  States,  and  it  will  probably  be  permitted  for  some  tim 
come  where  the  volume  of  water  is  large,  and  where  it  is  not  immedi&i 
used  for  drinking  purposes.  In  all  other  cases  there  is  g^ood  and  suffici 
reason  for  the  adoption  of  some  plan  for  the  purification  of  sewer-wi 
before  it  is  allowed  to  flow  into  the  stream.  In  England  no  new  sewi 
works  are  permitted  to  discharge  directly  into  running  water,  and  w< 
in  existence  at  the  time  of  the  passage  of  the  act  will  eventually  o 
under  tlie  same  stringent  regulation.  These  regulations  are  based  u 
the  results  of  extensive  and  varied  experiments  carried  on  for  many  ye 
which  have  demonstrated  the  feasibility  of  plans  for  depriving  sewag< 
its  foul  and  noxious  matters,  so  that  it  may  be  discharged  into  ri< 
without  causing  a  nuisance,  *'  without  making  the  water  too  imj: 
for  use  in  manufacturing  operations;  without  killing  or  driving  a^ 
the  fish  which  may  inhabit  them;  in  short,  without  materially  injui 
them  for  any  pur}K>8e,  except  as  sources  of  water-supply  for  citiei 
towns." 

2.  DUcharge  into  the  sea, — This  mode  of  disposal  may  be  adoj 
with  safety,  provided  that  the  sewage  can  be  delivered  in  deep  cum 
or  that  the  outfall  can  be  carried  far  out  to  sea,  so  that  the  sediment 
matters  and  floating  bodies  shall  not  return 'again  to  pollute  the  shore 
form  deposits  of  an  objectionable  character.  In  sea-bathing  towns  it  i 
be  iicccssiiry  t(»  i-liirify  the  scwcr-water  before  allowing  it  to  flow  into 
«t'a. 

Tlic  imiiouiKliti^  of  st'wui^e  within  tlie  outfall  sowers  during-  each  1 
is  an  ohjrrtioiiabU^  feature  in  the  sewage-works  of  seaboard  towns.  Tl; 
IS  a  lialiility  to  the  formation  of  deposits  in  the  sewers  on  account  of 
fretitu'iit  rlieekiiij;  of  tlie  diseliarge,  and  from  this  same  cause  thew 
^n-atiT  (iaiifrer  of  tlie  formation  and  escape  of  noxious  gases  than  wl 
tlie  outflow  is  constant.  A  constant  outflow,  wliereby  these  evils  ' 
be  avoided,  may  lie  seeured  by  the  application  of  steam  power  to  n 
the  sewage  and  disj)ose  of  it  independently  of  the  state  of  the  tide.  ' 
nutlets  should  be  protected  by  flap  valves,  in  order  to  regulate  the  act 
of  the  winds. 

Th(?  disposal  of  sewage  by  allowing  it  to  run  as  mere  waste  into  ri 
i-'stuaru^a  and  into  the  sea  is  (certainly  the  most  convenient,  the  cheapt 
and,  generally,  a  pcrfeetly  safe  method  of  riddance.  Should  this  plan  ji 
rise    to  a    nuisaiiee   in   spite   of   the   best  engineering    arrangements,  ' 

■  Sdvfiith  Animal  Rejmrt  of  Stato  Board  of  Health  of  Massachnnettfi,  1876. 
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may  rvquiro  to  be  dealt  with  by  Aome  simple  plan  of  purifictation 
its  (lisclmr^'-cr. 
3,  Pfvripifxttiou.— There  are  several  planf;  for  Reparating  a  portion  of 
the  »ufij)enc)ed  inattors  from  tho  lM{uid  sowHge  before  applying  it  to  land 
or  ailowing^  it  to  flow  into  the  river.  One  of  these  is  by  mecbanic^I  sub- 
sidence, the  sewage  being  collected  in  tanks,  or  reservoirs,  where  the  sus- 
(tended  matters  are  intercepted  and  deposited  by  the  aid  of  strainers  to 
iTni>ede  the  flow.  The  matter  thus  oollecied  is  treate<i  with  various  kinds 
of  refuse  to  form  a  manure.     This  is  an  unsatisfartory  plan,  inasmuch  as 

■  the  sewer- water  is  still  highly  inipure,  and,  therefore,  should  not  be  permit- 
ted to  flow  into  rivers  from  which  untreated  sewage  is  excluded.  A  »nore 
effectual  purification  may  be  secured  by  means  of  chemical  agents.  By 
these  processes,  not  only  are  the  suspended  matters  separated,  but  also  a 
considerable  proportion  of  the  substances  held  in  solution.  The  material 
thus  obtained  is  manipulated  into  a  solid  manure,  but  thus  far  without 
financial  success.  It  is  also  a  question  whether  the  efHuent  liquid  is  sufli- 
ciently  purified  to  be  allowed  to  flow  into  a  stream  or  river,  the  waters  of 
which  ar«  used  for  domestic  purposes. 

The  methods  which  have  been  suggested  at  different  times  are  very 
numerous.     Those  of  most  importance  are  as  follows: 

a.  The  lifii^  pr(>iXJt». — This  process  consists  in  adding  lime  —  in  a 
creamy  condition — to  the  sewage,  in  the  proportion  of  from  three  to  six- 
teen grains  of  time  to  a  gallon  of  sewage.  A  flocculcnt  precipitate  is  thus 
formed,  which  in  the  course  of  nn  hour  settles  to  the  bottom  of  the  tank, 
leaving  a  tolerably  clear,  supernatant  liquor,  which  is  said  to  be  compara- 
tively inoffensive.  The  precipitate  is  soKl  aa  a  manure,  or  is  converted 
into  bricks.  By  this  process  about  50  per  cent,  ot  the  dissolved  organic 
matter  contained  in  the  sewage  is  removed.  The  process  of  drying  the 
precipitate  is  said  to  be  very  olTeiisive,  on  account  of  the  escape  of  sul- 
phuretted hydrogen.  The  def:ecated  sewer-water  also  becomes  offensive 
if  allowed  to  stand  for  any  length  of  time ;  and,  therefore,  to  prevent 
secondary  putrefactive  change,  it  is  necessary  to  mix  it  with  a  large  vol- 
ume of  flowing  water.  Various  substances  have  been  added  to  delay 
putrefaction,  such  as  charcoal,  chloride  of  liuie,  and  carbolates  of  lime  and 
magnesia  ;  but  their  use  is  expensive  and  only  of  temporary  value.  This 
process  was  carried  out  on  an  extensive  scale  at  Tottenham  and  Leicester; 
bat,  as  the  product  had  but  very  little  agricultural  value,  the  works  were 
soon  abandoned  by  the  patentees  and  transferred  to  the  town  authorities, 
who,  by  neglect,  brought  the  method  into  disrepute. 

It  is  said  that  the  river  Soar,  at  Leicester,  which  had  become  a  foul  and 
pestilential  stream,  presented  an  entirely  different  character  after  the  lime 
process  had  been  adopted,  "  for  aquatic  plants  had  begun  to  flourish,  the 
fish  had  returned,  the  black  mud  had  ceased  to  accumulate,  and  tlie  mill- 
dam  was  no  longer  offensive."  '  This  indicates  a  great  improvement  ic. 
I      the  character  of  the  sewage,  which  is  an  invariable  result  whenever  th^ 


■  Lstbakgr :  Toe  Sewage  Question,  1873,  p.  40. 
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method  has  been  well  conducted.  But  aa  so  lar^^c  a  proportion  of  or^ar 
matter  stili  remains  even  after  the  most  careful  treatment,  it  is  evide 
that  the  liquid  sewage  is  not  sufficiently  purilied  to  be  admissible  into 
river.  The  Rivers'  Pollution  Commission  have  declared  the  plan  to 
a  failure,  "  whether  as  regards  the  manufacture  of  valuable  manure,  or  t 
purification  of  the  offensive  liquid." 

b.  The  alumina  proc€s$e9. — The  salts  of  alumina  have  been  used  for  i 
purification  of  sewage,  the  different  processes  which  have  been  invent 
depending  on  the  well-known  property  of  alumina  to  combine  with 
ganic  matters,  with  which  it  forms  insoluble  compounds.  The  results 
this  method  are  not  unlike  those  obtained  from  the  lime  process.  1 
effluent  water  is  clarified  and  deodorized,  but  only  partly  deprived  of 
dissolved  organic  matter.  The  process  is  a  more  costly  one,  while  the  f 
cipitate  possesses  less  manurial  value. 

o.  Uli/th't  process. — A  solution  of  phosphate  of  ma^esia,  in  combi 
tion  with  lime  or  some  other  precipitating  agent,  is  added  to  the  sewa 
with  the  view  of  precipitating  the  ammonia-phosphate  of  magnesia,  wh 
carries  with  It  the  matters  suspended  in  the  liquid.  This  method  is  s 
to  be  a  costly  one,  and  there  is  doubt  as  to  its  efficiency. 

d.  The  "x4  B  C"  process. — This  process,  patented  by  the  Me« 
Sillar,  takes  its  name  from  the  initial  letters  of  the  substances  mail 
used  for  the  purification  of  the  sewage — namely,  Xlum,  J9Iood,  and  Ch 
The  proportions  of  the  agents  used  are:  "Alum,  600  parts;  cli 
1,900  parts;  magnesia,  5  parts;  permanganate  of  potash,  10  parts;  anin 
charcoal,  15  parts;  vegetable  charcoal,  20  parts;  and  magnesiaii  lin 
stone,  'i  parts."  These  materials  are  thoroughly  mixed  together,  ai 
are  added  to  the  sewage  to  be  treated  until  no  further  precipitati< 
can  be  produced.  The  quantity  usually  required  is  about  four  poun 
of  the  mixture  to  one  thousand  gallons  of  sewage.  The  effluent  wat 
i»  s;ii(i  tn  Ik*  cli'iir  iitnl  ijuito  inodorous;  hut  it  contains,  acconlinp^  to  tl 
ii'siilis  (if  ;i  stTics  of  rlicmiiiil  uxainitiations,  on  an  averajje  0.  IT  graii 
of  tlisNolvinl  (iririinic  inatttT  por  i^alloii  of  sewii^f,  the  average  quantii 
por  i;;ill"ti  of  r.iw  sewage  boino;  10. '^1.' 

\)r.  Folsoiu  jrivcs*  the  results  of  the  examination  of  the  Sillar  proct* 
by  tin-  Rivrrs'  Pollution  Commission  as  follows: 

"  I.  The  process  prooipitatos  the  proatnr  part  of  tli4'  solid  partieles  ' 
the  si'wag^c.  hut  in  no  ease  to  sueh  an  extent  as  to  allow  the  superincuii 
bent  wat'Ts  to  run  into  a  river. 

"■J.  Till'  proecss  produces  no  clcanir  water  than  what  would  have  ri 
suited  if  tlie  sewage  were  allowed  to  settle  by  itself. 

*'  .'i.   Tlip  .sewagt-'  is  considerably  rodnce*!  iii  value  by  it. 

"  t.    B;i<l  smells  arc  alwiivs  perceptible." 

c.  ITn}>hn'A  procrfi.-i. — In  this  proeess  sulphate  of  iron,  lime,  coal-'lus' 
and  chiv  are  added  to  the  sewai^e.  with   the  effect  of  precipitating  nearl 


'  LoLhf'bv'  :   Th<>  Sewatre  Question,  p    8H. 

-  Sijvcnlh  Aoriu.-il  Ui-p.jr(,  Muistiacli usetta  State  Board  of  Health,  p.  3^. 
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all  of  the  suspcndoii  inattcra  and  at  least  half  of  th«  dissolved  or^nio 
matter.  The  supcriiiituiit  liquor  is  quite  clear  and  inoffensive.  "The 
precipitate,  when  dried  in  llie  air,  contains  about  43  per  rent,  of  organic 
matter,  and  rather  less  than  one  per  cent,  of  phosphate  of  lime.  The  or- 
ganic matter  l.t  not  very  rich  in  nitrogen,  and,  therefore,  the  manure  is 
not  of  much  value." 

f.  Andcrsoii^tt  process. — Crude  Hulphate  (if  alumina  and  lime  arc  used 
in  this  proress.  The  suJpliato  is  fonned  by  adding  one  part  of  sulphuric 
acid  to  two  parts  of  utay,  then  mixing  the  mutenala  with  un  equal  bulk  of 
water.  After  standing  forsoint'  time,  the  mixture  is  added  to  the  sewage 
in  the  proportion  of  one  poun<l  of  the  former  to  one  hundred  gallons  of 
the  latter.  The  liquid  is  t]^*'n  thoroughly  agitated,  aftor  which  a  quarter 
of  a  pound  of  slaked  lime  Ih  added,  and  piveipilation  takes  place.  Dr. 
Voeioker  analyze>l  the  effluent  water  after  being  minted  in  this  manner, 
and  says  of  it,  thai  '*it  Is  wj  thoroughly  deprived  oE  obnoxious  impurities 
that,  in  my  opinion,  it  may  he  discharged  into  a  ninniiig  streuin  or  water* 
course  wjthout  risk  of  creating  a  nuisance."  -Bint h  process  is  very  simi- 
lar to  the  above.  Stoth^rfit  consists  in  the  addition  of  sulphate  of  zino 
and  charcoal  to  the  sulphate  of  alumina. 

g.  Prtcipittttion  by  tfw  }>erchluritle.  of  iroM.— This  methofi  has  been 
reported  on  favorably  by  Urs.  Hofmann,  Frankland,  aifil  Aliller.  It  is 
said  to  have  a  marked  superiority  over  caustic  lime  and  chloride  of  lime — 
the  deodorizing  effect  being  in  the  order  named.  In  nil  K-ases,  it  is  n-eom-  ■ 
mended  that  the  suspended  matters  precipitated  by  tliesr  ngi-nts  shouhl 
be  promptly  remo**cd,  as  tio  doubt  the  chief  cause  of  the  offensive  odor  of 
the  sewage,  some  days  after  it  has  been  deodorized,  isdue  to  rlecf>TH position 
of  the  organic  matter  contained  In  the  precipitate.  The  aoliitinn  of  per- 
ohloride  of  iron  generally  used  is  called  Dale's  tii[uid. 

h.  The  pho»p/iatf  process. —The  sewage  is  treated  with  an  arid  solu- 
tion of  the  phftsphaCes  of  alumina,  either  ulone  or  in  combination  with 
lime  or  carbouate  of  lime.  The  result  is  the  preeipitatton  of  the  suspentled 
matters  and  a  considerable  pro]>ortion  of  thcHoIuble  organic  matter.  The 
value  of  the  precipitate  has  not  been  <lelermine<l.  Thi^i  priKwss,  like  many 
of  the  others,  may  be  used  xvhere  the  effluent  water  is  ititendeil  tt)  be  clis- 
oharged  into  the  sea  or  tidal  estuaries,  or  as  a  preliminary  to  irrigation. 

t.  General  S<'otl\'i  procf^iif. — The  chemicals,  such  asliim-  and  jitilverizod 
clay,  arc  introduced  into  the  sewers  snme  distance  from  the  outfall.  By 
the  lime  the  sewage  reaches  the  tanks  it  is  found  to  be  deodorized.  The 
suspended  matters  are  collected  at  these  depositories.  an(!  are  subsequently 
dried  and  burned  without  offence,  and  the  pn^duot  is  eonvertrd  into  a 
cement  of  good  quality.  The  effluent  water  is  not  sufficiently  pure  to  be 
discharged  into  si  reams,  and  must  be  used  for  irrigation,  or  be  liltenul 
before  discharge.. 

The  clarified  si-wer-wator  obtained  by  all  these  proce8si»s  contains  am- 
monia and  dissolved  urganic  matters,  as  well  as  potash,  and,  in  most  cases, 
phosphoric  acid,  and  it  therefore  possesses  considerubh-  fertilizing  power. 
The  purified  effluent  water  may  bt-  applied  directly  to  the  land.     It  is 
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particularly  well  adapted  for  th«  irrigation  of  markvi  gardens.     (.Marifii 
sewage  may  be  ditk'hargiKl  at  once  into  the  s«a  or  iitiu  tidal  t^stuariea. 
is  safer  to  keep  it  out  of  rivers  or  streams  from  which  the  water-suppi 
for  domestic  purposes  is  taken,  at  least  until  after  it  has  been  subjectc 
tu  filtration. 

L  Ft/trttthn. — Filtration  is  the  mechanical  separation  of  the  Uqui 
from  the  undissolved  particles  of  the  sewage,  by  passing  it  through  be< 
of  porous  earth,  sand,  gravel,  cbaruoal,  ete.  In  its  simplest  form,  tl 
sewage  is  merely  strained,  so  aa  to  remove  roost  of  the  suspended  inatten 
but  the  effluent  sewer-water  is  not  puriBed  to  any  extent. 

Filtration  may  be  both  upward  and  downward-  Upward  filtration 
not  at  nil  satisfactory,  for  the  reason  that  the  tilter-bed  is  always  chai^ 
with  water  and  is  therefore  incapable  of  aerating  the  sewage.  It  is  no 
seldom  resorted  to.  Downward  fittration,  provided  that  the  prucesa  is  ii 
Ivrmittent,  is  capable  of  effecting  a  very  satisfactory  purification  of  sewe. 
water. 

Oxidation  of  the  organic  matters  contained  in  sewage  takers  plac^| 
virtue'of  the  presence  of  air  in  the  filter;  hence  it  is  necessary  that^ 
ground  be  alternalely  exposed  to  the  air  and  tli*-  sewage. 

The  experiments  conducted  under  the  direction  of  the  Klvers'  Pollt 
tion  Commission  led  to  the  following  conclusions: 

**  Sewage,  traversing  a  porous  and  fineJy-divided  soil,  undergoes  a  pn 
cess  to  some  extent  ftnalogou«  Uy  that  exj>erienced  by  bIo*Kl  in  pas<iin 
through  the  lungs  in  the  act  of  breathing,  A  field  of  porous  soil,  irr 
gated  intermittently,  virtually  perfonns  an  act  of  respiration,  copytc 
an  enormous  scale  the  lung-action  ftf  a  breathing  animal;  for  it  is 
nately  rei^eiving  and  expiring  air,  and  thus  dealing,  as  an  oxidizing 
with  the  filthy  Ituid  {Massing  ihrough  it.  The  airtion  of  the  earth  as 
means  of  filtration  must  not  be  regarded  as  simply  mechanical;  it  is  chf 
cal,  for  the  results  of  filtration,  property  conducted,  are  the  oxidation 
thereby  the  transformation,  of  the  offensive  i^rganic  substances,  in  so|i 
in  the  sewage  stream,  into  ferlilixiiig  mutters  winch  remain  in  the  soil 
and  into  certain  hannless  inorganic  salts  which  pass  off  in  the  efBoen 
water." 

And  again:  "These  experimenta  also  show  that  the  process  of  purifi 
cation  is  essentiully  one  of  oxidation,  the  organic  matter  being  to  a  larp 
extent  converted  into  carbonic  acid,  water,  and  nitric  acid;  hen<'«  thi 
necessity  for  the  continued  aeration  of  the  filtering  medium,  which  ii 
secured  by  intermittent  downward  filtration,  but  entirely  prevented  b) 
upward  filtration." 

From  his  experience  gained  at  Merthyr  Tydfil,  Dr.  Dyke  laya  down 
the  following  necessary  ituiiditiottM: 

1.  The  soil  must  be  iwrous. 

2.  A  main  efHuent  drain,  not  Ions  than  six  feel  from  the  aarfac«,  ' 
be  provided. 

3.  The  inclination  of  the  ground  should  be  such  as  to  allow  the  sewagt 
to  flow  over  its  entire  surface. 


III,  MT 

I 

h  as 

chm 

oliffl 


I 


?OIL    AXD    I^ATER. 


4.  The  division  of  the  filtering'  area  into  four  oqual  parts,  each  part  to 
rcccivfkthe  sewatfe  for  six  hours,  and  then  an  interval  of  eighteen  hours 
to  elapse  before  the  socoiid  irrigation  takes  place.  An  arre  of  land  thus 
preparetl  wovild  liisjwAe  of  100,000  gallonH  of  sewage  per  day. 

The  process  is  nioi\>  successful  when  the  sewage  \ias  been  screened, 
so  as  to  arrest  the  coarser  matters  before  the  water  is  applied  to  tho  filter- 
ing area.  It  is  also  necesaary  that  the  filtering  umterial  should  be  large. 
Parkea  says  that  it  must  not  be  less  than  one  cubic  yard  for  eight  gallons 
of  sewage  in  twenty-four  hours.  The  Kivers'  Pollution  Cornmisaioners 
make  the  proportions  somewhat  less  (1  cubic  yard  to  5.0  gallons).  In 
proportion  as  the  rate  of  filtrHtiun  is  increased,  the  purification  becomes 
unsatisfactory  and  uncertain. 

Small  filters  are  useless,  and  this  may  account  for  the  failure  of  filtration 
through  charcoal.  This  material  has  never  been  employed  on  a  large  scale. 
Soils  containing  oxide  of  iron  and  .silica  are  considered  the  best  for  filtering 
purposes.     Sand  or  a  mixture  of  sand  and  <'halk  are  also  very  effectual. 

5.  Irrigation.— Th^  ilistribulion  of  sewage  over  the  surface  of  the 
soil,  with  the  view  of  bringing  it  speedihr'  under  the  influence  of  plants,  is 
a  method  often  resorted  to  for  its  utilizntion  and  purification.  The  sewage 
is  applied  directly  to  the  unprepared  land,  witltout  any  provision  having 
been  made  for  underground  drainage,  or  it  is  made  to  pnna  through  the 
aoil,  and  the  efGuent  water  is  carried  off  by  deep  drains.  The  former  plan 
cannot  be  said  to  be  satisfactory,  especially  in  seasons  when  vegetation  is 
inactive,  tho  efHuent  water  passing  from  the  surfuce  of  the  land  thus  irri- 
gated often  being  only  little  better  than  ililuted  stowage,  H.nd,  in  sume  cases, 
highly  impure.  In  the  Third  Report  of  the  British  Association,  mention 
is  made  of  an  instance  (at  Reigate  Farm)  where  the  sewage  which  had 
pasacHl  over  one  field  was  actually  rendero*!  more  impure  in  several  vihya 
by  passage  over  a  seeonfl  field.  The  aaturatinn  plan  dt'pt^nda  entirely 
upr)n  the  purifying  action  of  lu-xurious  vegetation.  In  v'inier  this  action 
is  suspended  or  otdy  partially  effected. 

By  the  other  plan,  in  which ^fi/f ration  is  combined  with  irritjation^  tlie 
sewage  cati  he  .sati-sfaotorily  purified  at  all  sea.^ons  of  llie  year,  during 
winter  as  well  as  in  siunmer.  Unless  the  ground  is  naturally  porous,  it 
must  be«  made  ao  by  artificial  means.  Hecourse  must  be  had  to  deep 
drainage,  and.  where  the  soil  is  stiff  and  clayey,  it  may  require  the  addi- 
tion of  ashes,  .sand,  or  lime.  ''  Irrigation  farms  are  nothing  more  nor  less 
than  filter-be<ls  on  a  very  large  scale."  Irrigation  must  be  intermittent, 
in  order  to  insure  proper  aeration  fif  the  soil  and  purification  of  (he  sewer- 
water.  It  is  evident  that  vegetation  does  not  prosper  in  a  water-logged 
soil,  and  it  has  been  shown,  on  the  other  hand,  that  purification  by  filtm* 
tioti  is  very  imperfectly  performed,  unless  fre(|uent  and  free  aeeesa  of  air 
to  the  surface  of  the  filtering  area  Is  permitted. 

Tlio  British  Association  (^l^nmitt•?o,  in  the  report  already  alludeil  lo, 
express  their  opinion  of  the  value  <*f  .niihsoil  tlrainage,  in  connection  with 
irrigation,  in  the  following  wf^inis: 

**  It  may  seem  almost  superfluous  for  the  committee,  after  s^j  many 
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ymma  «f  gcacvrnJ  vxprneoce  throughout  the  country,  to  &rgu«  in  favon 
thr  ■ohpQJtHJBMMge  of  natiiriilty  heavy  ur  imtunLUy  wet  land,  with  tm- 
P«nrio»t  t^lnffil.  for  the  pur}>oses  of  ordinary  agriculture;  )>ul  ftome 
aoai  ban  strof^jr  and  repeatedly  called  in  question  che  nec<'8sity 
^aimag  Isod  wb«o  irrigateit  with  sewage;  and  the  two  fanns  at  Tii' 
WMgm  Wdk,  to  a  great  eJttent,  and  more  especially  the  Reigale  Farm  at 
&rifwoud,  haro  been  actii&lJy  laid  out  for  :5c way^  irrigation  on  what 
mmj  be  called  tlie  *  ttaturation  *  principle;  so  that  it  app«;ars  to  the  oom- 
»in«e  desirable  to  call  attention  to  the  fact,  that  if  drainage  is  neoeaaary 
wlnre  no  water  is  art  ificially  applied  to  che  soil,  it  cannot  be  Ujis  necessary 
after  an  addition  tu  the  rainfall  of  one  hundred  or  two  hundred  per  cem. 
But  a  comparison  of  the  analyses  of  different  samples  of  effluent  wai4^| 
which  hare  been  taken  by  the  romniittee  from  open  ditches  into  whHV 
effluent  water  was  uveHlowing  off  saturated  land,  and  from  ^ub]»oil  drains 
into  which  effluent  water  was  intermittently  percolalinjr  through  several 
feot  of  soil,  suggests  grave  doubts  whether  cflluont  water  ought  ever  lo 
}H>rmitt«d  to  escape  before  it  has  percolated  through  the  soil." 

Tlie  effect  of  passing sewer-waterthroiigh  ti»e  w>il  is  slated  by  Pari 
to  be  as  follows  :   "1.   A  mechanical  arrest  of  su8pende<l  matters.     ^. 
oxidation   producing   niti^HcatioUj  both  of  which  results  depend  on 
porosity  and  physical  attraction  of  the  soil.     13.  Chemical  interehan 
The  last  action  is  ini[)ortaiit  in  agriculture,  and  haji  been  examined 
Itischof,   l.icbig,  Wny,"  Henneber^,  Warrington,  and  others.      Hydn 
ferric  oxide  mid  alumina  absorb  phosphoric   aci«l   from  its  salta,  an< 
highly  basic  compound  of  the  acid  and  metallic  oxide  is  formed, 
act  more  powerfully  than  the  silicates  in  this  way.     TTie  liyilroted  doal 
silicates  absorli  bases.     Silicates  of  alutniniuni  and  calcium  absorb  am 
nla  and  liotassiuiii  from  all  the  salts  of  those  basea,  and  a  new  hyd 
double  silicate  is  fornieii,  in  which  calcium  i*  more  or  less  perfectly 
placed  by  potassium  or  ammuuium.     Humus  also   forms  insoluble 
pounds  with  these  bases.      .\t>sorption  of  |)OfAfih  or  ammonia  is  imui 
attended  with  separation  of  lime,  which  then  takes  carlMjnlc  acid. 

The  sewage  is  brought  to  the  land   to  bo  irrigated  either  by  grav 
lion  or  by  pumping.      It  shouM  be  in  as  fresh  *  a  state  as  posaihje, 
before  its  application,  should  be  freed  from  its  scum  antl  its  groaaer 
jKMtdtd  matters.     This  may  be  elTected  in  tanks  by  simple  Hltration 
screening,   ur    by    one    of    the  simpler    proooaaea  of  pn.'cipitation. 
K*wage  is  conveyed  from  the  tanks  to  tbo  land,  or,  when  it  haa  to 
pumped,  from  the  pumping-wcH,  in  "  i-arrirns,'*  which  are  either  aii 
XrcDches,  or  channels  nind'-  of  concrete,  brick-work,  or  earthenware, 
fording  to  Cnrfield,  where  ifie  sewer- water  has  to  be  lifted  up  by  pum( 
shci;t-iron  carriers,  supported  on  wooden  tresaels,  are  the  best.     The  can 
are  provided  with  dams  and  gates  lo  regulate  thr  direction  and  flow  of 
Bcwage,  and  with  simple  laps,  which  may  be  opened  by  taking  out  a  pli^ 

'Op.  cit.p.  .1SS. 

*  Joomal  of  Royal  Afrioaltaral  floi3«ly,  VoL  XI. 

=  Carliolic  acid  U  somstimes  added  to  prsvent  tleoompodcioiL 


SOIL    AND    WATER. 


535 


I 


Flat  Un<1^  or  land  which  gently  »lopes,  is  the  bc«t  lor  irrigation.  It 
should  be  laid  out  in  broail  riflgps  and  furrows.  The  Mwagc  ia  conveyed 
along  the  ircBts  of  the  ridges  jn  open  carriers,  wiiieh  are  supphed  by  the 
main  carriers  from  which  they  branch  off  at  right  angles.  When  the 
small  open  carriers  are  full,  the  sewage  overfluws  and  runs  gently  down 
the  slopes,  and  is  absorbed  by  the  soil  and  carried  oH  into  the  nearest 
watercourse  by  drains  placed  about  six  feet  beneath  the  surface. 

The  amount  of  sewage  di8|x»&ed  of  in  this  way  by  a  given  quantity  of 
land,  will  depend  upon  the  porosity  of  the  soil,  the  aninunt  of  rHin-fall, 
and  the  time  of  the  year.  The  amount  of  land  set  apart  for  sewage  irri- 
gation should  not  be  less  than  one  acre  to  one  hundred  and  Hfty  inhabi- 
tants; if  the  land  is  of  a  retentive  character,  even  though  there  may  be 
good  underground  drainage,  it  would  be  better  to  provide  one  acre  to 
even*  one  hundred  of  population. 

Other  plans  have  been  suggested  for  the  distribution  of  sewage.  One 
of  these  is  by  the  use  of  hose  to  sprinkle  the  land.  It  is  not  to  he  recom- 
mended. Another  plan  is  by  the  use  of  pipes  placed  under  the  ground. 
Cortield  snya  of  this  plan,  that  '*it  is  obviously  perfectly  absurd.  It  is  im- 
possible to  imagine  that  sewage  could  be  purified  by  turning  it  into  agri- 
cultural drains  below  the  roots  of  th(>  plants.'*  It  can  only  bo  ap}>Iipd  on 
a  very  fimall  scale.  Open-jointed  pipes  are  placed  about  one  fiK»t  beneath 
the  surface  of  the  ground,  and  another  seriea  of  subsoil  pipes  are  laid  three 
feet  deeper  to  carry  off  the  purified  liquids.  To  secure  the  regular  dis- 
tribution of  the  sewage.  Field's  automatir-flush  tank  may  be  used.  Col- 
onel Waring,  who  has  used  this  method  at  Newport,  thus  describes  it  : ' 

"The  house-drainage  is  discharged  into  a  tightly  c-emented  tank,  four 
feet  deep  and  four  feet  in  diameter,  entering  near  its  top,  which  is  arched 
over  and  closed  by  a  tightly  fitting  stone  cap,  and  thoroughfy  ventilated. 
Its  outlet  pipe,  starling  from  a  point  one  foot  below  the  surface  of  the 
water  and  about  two  feet  below  the  cap-stone,  passes  out  near  the  sur- 
face of  the  ground,  and  is  continued  by  a  cemented  vitrified  pipe  to  a 
point  about  twenty-five  feet  farther  away.  Here  it  connects  with  a  sys- 
tem of  open-jointed  drain-tiles,  consisting  of  one  main,  fifty  feet  long,  and 
ten  lateral  drains,  six  feet  apart,  and  each  about  twenty  feet  long.  Theae 
drains  underlie  a  part  of  the  lawn,  and  are  only  about  ten  inches  below 
the  surface.  During  the  whole  growing  season  their  course  is  very  dis- 
tinctly marked  hy  the   raidc  growth  of  grass  over  and  near  tu  them." 

.  .  .  *' The  slope  of  the  ground  is  very  slight,  probably  not  more 
than  fifteen  inches  between  the  extreme  ends  of  thi^  system.'*  He  subse- 
quently substituted  Field's  flush-tank  for  the  cemented  tank,  in  order  that 
ihe  discharge  might  be  made  intermittent  ;  the  flow  of  sewaigt';,  being  more 
copious,  would  saturate  the  soil  for  a  greater  distance,  and  after  subsiding 
would  allow  the  utuiuspheric  air  to  enter  the  soil,  and  aid.  by  its  oxidizing 
power,  in  the  work  of  purification. 

This  system  of  sub-irrirfation  might  be  adopted  with  good  results  for 
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the  disposal  of  house-slops  of  separate  houses  or  groups  of  houses,  wl 
land  is  available. 

^'^arious  kinds  of  plants  have  boon  grown  upon  scwago-farms.  Tht 
Italiuii  r>-e-grass  is  perhaps  the  most  suiiahl<r  crop;  but  other  kiride  of 
grass  yield  a  good  return.  CcroaU  have  boon  gruwti  with  favorable  re- 
sults. The  beet-root  raised  on  sewage  has  been  found  to  contain  a  nm<A 
larger  per  cent,  of  i>ugar  than  the  plants  from  Holland,  Suflfolk,  and  Scot- 
land. Clariiied  sewage  is  well  adapted  for  market  vegetables,  tbo  piu|| 
thriving  on  it  ;  but  raw  sewage  Is  sometimes  found  lo  bo  injurious.     ^M 

Sewagc-irrigulion  in  some  cases  has  been  reinnnerativo,  but  it  is  rerr 
doubtful  whether  it  will  ever  become  a  valuable  source  of  revenue  to  any 
town,  however  favorably  situated.  The  question  of  expense  is  a  very 
iniportnnt  one,  and  the  system  should  be  made  profitable  or  at  least  self- 
sustaining,  if  possible  ;  but  if  this  eonnot  be  brought  about,  the  pcctt- 
niary  sacrifice  should  be  endured,  in  view  of  the  great  sanitary  advantagM 
of  the  plan. 

The  comparative  results  of  the  different  methods  of  purificatiofl 
sewage  are  thus  stated  by  the  Hivers*  Pollution  Commission  : 

AVKBAGB  RESULTS. 


Procbssks. 


Chemical  processes. . 
Upward  filtration. . . 
Downward  Oltration, 
Irrigation. 


Peixwntap)  of  dtSMlved  txr- 
ganio  pollution  remored. 


Organic  car- 
bon. 


Oigmnic 
nitrogen. 


38.4 
26.3 

72.8 
68. G 


FcrcantiV*  "^ 
«iufMi»d«dgr 

'  gunic   Impur- 
ity rtmovwl 

IQO.OM 

lUO.CH 

97. ?■ 


The  best  results  are  obtained  by  oombining  irrigation  with  inter 
tent  downward  filtration.  Wliere  land  i»  not  available,  recourse  mui 
had  to  some  one  of  the  chemical  processes,  by  which  the  character  tit 
sewage  may  l>e  greatly  improved,  though  not  sufficiently  t>>  permit 
effluent  liquid  to  t>e  discharged  with  safety  into  streams  from  which 
table  water  is  directly  obtained,  unless  the  volume  of  water  is  very 
and  the  point  of  disohai^e  and  the  point  whence  the  supply  Is  takejil 
widely  separated. 

It  is  alleged  that  sewage-irrigatiun  farms  are  dangerous  to  the  pubBc 
health  and  interftTe  with  public  comfort.     If  bsdly  managed,  they 
occasionally  be  nffcnsive  to  those  living  in  their  immc^diate  nrighborh 
Sewage-tanks  may  hocomo  a  nuisance,  if  the  sludge  is  allowed  to  acnij 
lalo  or  is  not  properly  disinfected  before  removnL     These  disadvants 
are  owing  to  mismauagenient,  and  can  be  easily  mracdicd. 

If  sewage-faniis  are  turned  into  marshes,  after  the  manner  of  the  | 
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pursued  at  Milan,  miasmiitic  fevers  may  be  expected  to  arise.  Such  rJis- 
ea^^^t  ftn  ftr«  common  near  rico  and  niaiKo  plantations,  which  are  irrijfated 
witli  river  water,  may  be  looked  for,  but  the  peculiar  constituents  of  sew- 
age, which  give  it  a  distinctive  character,  have  nothing  to  do  with  their 
causation.  The  sewage  comniissionerH  re|>orted,  that  near  Milan  "the 
population  who  lived  in  the  midst  of  and  close  upon  irrigated  lands  are 
subject  to  the  same  diaeasea  as  are  common  wherever  extensive  tracts  of 
vegetation  are  alternately  covered  with  water,  and  then  exposed,  when 
coin])arativGly  dry,  to  the  action  of  the  atmosphere  under  a  hot  sun."  '  No 
such  diseases  need  I'ccur,  and  will  not  occur,  if  aewage-farms  are  managed 
in  the  proper  manner.  And  the  same  may  be  said  of  the  allegation  that 
wells  are  poisoned  and  ihe  public  health  is  thereby  affeeted.  If  the  farms 
»ro  properly  arranged,  no  sucli  danger  need  be  feared.  It  is  perfectly 
true  that  sewer  water,  that  has  flowed  over  the  (and  and  that  has  not 
been  Bltered  through  tlie  ground,  may  be  poisonous  if  drunk,  but  there  is 
not  thp  slightest  possibility  of  welUwatnr  being  contaminated,  except  by 
the  grossest  miHmanagement. 

As  to  the  allegation  that  diseases  usually  conve3'ed  by  means  of  the 
intestinal  discharges,  such  as  eholera,  enteric  fever,  dysentery',  and  allied 
alftictions,  are  produced  by  effluvia  from  ihesc  farms,  little  need  be  said, 
as  it  is  not  borne  out  by  well-substantiated  proof.  It  is  true  that  Dr. 
Clouston  reported  several  severe  and  some  fatal  cases  of  dysentery  in  the 
Cnrabcrtand  Asylum,  stipposed  to  have  been  caused  by  emanations  from 
a  sewage-irrigated  plot  of  ground  less  than  400  feet  distant;  but  the 
method  was  defective,  the  soil  being  composed  of  stiff  clay  and  not  un- 
dertlrainetl.  I^'lheby  attributed  tlie  outbreak  of  enteric  fever  at  Copley 
Village  to  the  irrigation  of  a  mrado^v  with  wat<'r  containing  the  sewage 
of  Halifax.  At  Kton,  enteric  fever  was  supposed  to  have  been  caused 
by  sewage  offiuvia;  but  it  was  discovered  by  Dr.  Buchanan  thai  the  sewer- 
water  had  been  drunk.  * 

On  the  other  hand,  it  is  found  that  these  diseascti  are  no  more  preva- 
lent at  the  se%vage-farma  near  Milan  than  'dsewhere,  and  even  during  the 
prevalence  of  cholera  in  the  town  and  neighborhood,  no  case  occurred 
upon  the  irrigated  meadows.     (Hart.) 

At  Croydon,  AUIorshot,  Rugby,  Wortliing,  and  other  places  where 
sewage-fartns  an:  well  managed,  there  is  no  evidence  to  show  that  typhoid 
fever  is  caused  by  emanations  from  these  farms.  Even  in  Edinburgh,  at 
the  Cralgentinny  sewage-meadows,  which  have  been  notorious  as  most 
filthy  and  offcnsivi-  plots  of  ground,  no  cases  of  enteric  fever  ha\'e  been 
traced  to  ihe  effluviii  from  the  irrigatetl  meadows.     (Folsom.) 

In  the  light  of  present  experience  it  may  bo  asserted,  "  that  the  effluvia 
from  a  tctll-inajiayed  sewagp-fann  do  not  produce  typhoid  fever  or  dysen- 
tery or  any  affection  of  the  kind." 

There  is  still  another  point  to  be  considered,  namely,  the  alleged  dan- 
ger of  the  spread  of  entoroic  diseases  by  means  of  sewage  irrigation.     It 
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waa  supposed  bjr  Dr.  Cobbotd  that  the  risk  of  panuitic  disease  m  i 
would  be  vory  great,  if  they  wero  allowed  to  grate  ujtoii  Aewagv-f 
And  as  farms  incr(>ik«ed,  entoxoic  dituiases  would  Inicomo  more  cuiufl 
and  deaths  from  these  causes  would  bo  froquent.  Uut  these  fears  were  m 
well  founded.  No  such  results  have  uccurr<xl,  at  lesfit  there  is  n(M| 
dencc  to  pn>vn  that  these  results  are  mure  likely  to  occur  from  tbfl^| 
ploymont  of  liquid  manure  than  from  the  use  of  solid  excreta  in  tl 
manner  so  conmion  in  the  neighborhood  of  towns.  Hcet>iit  Juvesligi 
tions  have  induced  Dr.  Cobbold  to  withdraw  this  objection  to  Mwagi 
farms. 

To  sum  up,  in  the  language  of  Prof.  Corfield:'  *'  Intermittent 
ward  filtration  through  soil,  and  irrli^tion  fanning,  with  passa^  of  tl 
liquid  through  the  soil,  arc  the  only  means  at  present  known  for  purifyin 
sewage^  atul  tficse  may  t>e  well  continued  with  some  deodoriaing  procci 
which  will  prevent  the  shidge  in  ihf  tanks  from  l>eing  olTen^ive.  exoe] 
where  the  tanks  are  in  the  open  cx)untry,  where  this  is  hardly  iteoffia«r| 
and  these  processes  in  themselves  are  in  no  way  injurious  io  tite  health ' 
the  neighborhood  where  they  are  carried  on;  one  of  ihein,  irrigatic 
farming,  with  the  condition  mentioned  above,  also  affords  the  only  mctbt 
known  by  whieh  the  valuable  manurial  ingredients  dis&ulvcd  in  sewaf 
can  be  utilized — van  bo  turned  into  wholesome  food  fur  man  and  beai 
.  .  .  The  removal  of  waste  matters  is  the  first  thing  to  consider,  the 
utilization  the  Ne»nid;  where  you  have  botb«  there  you  are  best  ablo  1 
compete  with  disease  and  death." 


II, — Pollution  of  thk  Soil  by  TsrrKRWKjrra. 


?lStM 


The  burial  of  huutan  remains  in  the  ground,  a  practice  univ«nafl^4 
served  by  Christian  |x*.oplus,  seems  to  be  the  most  initural  moda  of  dl 
disposal  of  the  dead.  Whether  it  is  the  boat  plan  from  a  sanitary  poin 
of  view  IS  a  questiun  which  has,  during  recent  years,  excited  a  very  peii 
eral  and  thorougli  discussion.  Various  substitutes  have  l>o4>n  propotHJ 
such  as  aquation  or  burial  at  sea,  chemical  destruction  of  the  body,  11 
preservation  by  embalming,  and  cremation.  Bitniing  the  dead  is  th 
only  iiinovutiou  seriously  proiKJsed,  and  the  advocates  of  the  revival  of  tU 
ancient  custom  have  supported  their  arguments  by  the  practical  deaian 
vtralion  of  the  fe^HibiUty  of  the  scheme.  The  experiments  made  by  th 
PolU»  at  Milan,  by  Prof.  Gorini,  at  Lodi,  by  Prof.  Brunetti,  Sir  Hew; 
Thompson,  Prof.  Reclam,  and  others,  show  how  quickly,  thoroughly,  an 
inoffensively  the  destruction  of  human  remains  can  be  effectetl  by  mean 
iif  combustion.'  The  o<-eusion  for  this  discussion  arises  froDi  the  fact 
that  the  present  mode  of  disposing  of  the  deail,  by  burial,  is  obje«:tioii 
on  account  of  dangers   to  the  public  health.     By  the  deoomposjtid 
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'  Sowaga  sad  8swa^  TTtQUatlon,  187S.  p.  137. 
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human  romAins  the  soil  becomes  polluted,  and  there  is  consequent  oon- 
taminalion  of  the  air  and  water.  Hence  persons  living  in  the  vicinity  of 
grave-yards  may  suffer  in  their  health  by  breathing  vitiated  air  or  from 
drinking  impure  water. 

Where  the  populatiuii  (s  scatterei.!,  danj^er  to  health  from  these  Source* 
is  hardly  tn  be  apprehended;  hut  where  people  are  collected  together  in 
great  masses,  as  in  lurge  cities,  provision  must  necessarily  be  made  for  the 
disposition  of  a  vast  number  of  bodies,  and  if  great  care  is  not  taken,  the 
public  liealth  is  apt  to  suffer  from  the  effects  of  clos9  proximity  of  crovirdetl 
eemeteries  to  the  abodes  of  the  living. 

In  London,  for  example,  where  over  80,000  persons  die  annually,  the 
proper  disposal  of  tho  dead  is  a  very  serious  question.  Before  interments 
in  grounds  within  the  city  were  forbidden,  nomerous  instances  occurred 
where  the  public  health  was  affected  by  these  pestiferous  spol».  As  the 
population  increo-ses,  grKVc-yarda  now  suburban,  unless  very  distantly 
located,  will  be  encroached  upon  and  the  evils  of  intramural  interment 
will  again  arise.  This  has  hap)>etied  in  Philadelphia.  Cemeteries  which 
were  formerly  beyond  thf;  city  limits  are  now  aurmunded  by  populous 
neighborhoods,  and  tliotigh  their  u.*$c  is  discourage<l  by  the  health  au- 
thorities, it  is  not  prohibited  by  law,  and  is,  therefore,  to  some  extent^ 
still  continued.  M'^bile  there  is  no  danger  of  contamination  of  drinking- 
water — this  being  supplied  by  the  public  works — and  while  the  air  from 
these  places  is  probably  too  mucii  diluted  to  be  injurious,  there  is  a  possi- 
bility of  the  health  of  persons  living  in  the  immediate  proximity  of  the 
grave-yarda  suffering  from  the  effects  of  noxious  gases,  which  may  be 
drawn  into  houses  through  theliasenient,  especially  in  th6  winter  season, 
when  the  air  inside  is  artificially  heated  and  has  a  suction  power. 

The  proccwes  of  decomposition  and  decay  commence  soon  after  death, 
and  are  continued  more  or  leas  rapidly  according  to  climate,  the  nature 
of  the  soil,  and  the  activity  of  certain  lower  organisms  which  prey  upon 
the  dead.  These  low  forms  of  life  are  always  richer  where  there  is  free 
acoess  of  air.  A  porous  soil,  through  which  there  is  an  active  change  of 
air  and  water,  hastens  the  return  of  the  body  to  its  natural  elements. 
The  products  of  decomposition  are  carbonic  acid,  carburctted  and  sulphu- 
retted hydrogen,  Riniiionia,  nitrous  and  nitric  acids,  and  various  mure 
complex  gaseous  compounds  and  offensive  organic  vap(»r.i.  which  are  re- 
solved into  simpler  combinations  by  the  oxidizing  power  of  the  soil.  The 
non-volatile  substances  remain  in  the  ground,  are  taken  up  by  the  rtjots 
of  plants,  or  Are  washed  away  by  water  passing  through  the  pores  of  the 
soil.  The  osseous  framework,  which  ts  the  len**t  destructible  part  of 
the  body,  relinquishes  its  animal  constituents  rathf^r  slowly,  and,  on  ac- 
count of  its  composition  being  largely  of  mineral  sub-stances,  may  resist 
disintegration  for  an  unlimitetl  p^iod.' 

Soils  differ  very  much  in  the  munticr  in  which  they  effect  these  destruc- 
tive changes.     There  are  grounds  in  which  a  corpse  may  be  completely 


■Parke*:  Op.  dt,  p.  47^. 
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destroyed  in  three  or  four  years,'  and  othi 
thirty  years  will  be  required  for  the  effectual 
If  there  be  a  proper  selection  of  the  g^und,  i 
facility  of  constant  change  of  air,  and  if  its  [ 
powerful  absorbent  and  oxidizing  qualities  oi 
of  growing  plants,-  may  be  depended  on  to  dt 
ner,  the  gases  and  vapors  evolved  during  dee 
hand,  these  precautions  are  not  observed;  il 
there  is  stagnation  of«bir  and  water;  if  the  be 
tact  and  with  an  insufficient  covering  of  eai 
putrid  vapors  evolved  in  the  process  of  de< 
and  assume  dangerous  proportions.  The  gra 
these  foul  products  to  such  a  degree  as  to  be 
ing  them,  and  the  air  and  water  of  the  localil 
ious  matters  emitted  from  the  surcharged  so 
an  evil,  no  matter  where  located;  but  when  si 
dwellings,  thc<y  are  undoubtedly  most  detrimi 

The  practice  of  interment  in  cities  and  toi 
and  in  small  and  confined  spaces  surrounded 
served  until  within  comparatively  recent  time 
this  custom  became  so  evident  that  its  furthc 
bidden  by  legislative  enactments.  In  Europ 
have  prohibited  intramural  interments  absoli 
government  has  done  nothing  in  this  matte 
grounds  being  controlled  by  municipal  and  S 
quence  is,  that  the  change  in  this  most  iiisani 
general  and  thorough  as  might  be  desired, 
has  been  very  marked,  and  it  ts  due  not  so  : 
or  Rtatp  regulation,  as  to  private  enterprise  i 
tiriHMit. 

Spinlous  ami  .'ittractiv*-  c^'Tncterics  situatf 
nipidlv  siiinTSfdiri^'  tiif  old  huri;il-^rouinls  lo 
tiniis.  Ati'1  !is  mnst  'jf  fli'-^f  riiriil  hurial-plai 
(■(irponilions,  tliiit  liavf  a  ]nTiniiary  iritorost  i 
rxiT(is.-<l  ill  till-  srU'rtiori  of  tin-  silo,  not  only  t< 
till-  popiilali'iM  aii'l  fiitiirf^  iiitfrfercncc  from 
Mpert  lo  till-  tiiitiiral  litin-ss  fif  tin;  soil,  the  pic 
tlio  objoct  ln'iiiLT  t"  ofTtT  to  tiio  piililic  a  spot  i 
witli  tn'i'S  and  lifrl>a;r«-',  isolated  vet  oasily  arc 
aMc  oil  arrniiiit  of  llic  can-  with  whit-h  intern 
Hirrvancc  of  strict  >,'tiiitarv  n'^'iilalions,  and  tli^ 
of  till'  f^roiMnl>.  SiK'li  cciiit'tcrii-s  are  Mf)un 
(ircfiiwood,  wliicli  ;irr  ri-lfhnitcd  tliroiufhoiit 
fill  spots  tlif  traveller  ih\<t  \isits  ^vitluMit  muI 

'  Orfila  nnd  LcHiinir.  in  >"£|HTiineiiti  iiiaclc  to  det< 
»lo«trii('tiun  of  hodics  ImriLil  in  tho  ground,  found  not 
;.">.  and  is  iiiuritlis;   Ijiit  tliis  i.s  vury  DUUauoI. 
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But  in  many  plac«B  the  old^  crowded  intramural  church-yards  and 
burial-groundH  are  still  in  use.  That  this  practice  is  attended  with  injury 
to  the  public  health,  there  can  be  no  doubt.  Tlie  nearer  places  of  sepul- 
ture are  to  the  abodes  of  the  living,  the  greater  will  be  tlie  dangers  arisirtg 
from  contaminated  air  and  water.  The  evidence  on  this  point  iu  incon- 
testable. Mr.  Chadwick  says,  in  his  able  report  on  the  Practice  of  Inter- 
ment in  Towns,  *'  that,  inaHmuch  as  t!iere  appear  lo  I>e  no  cases  in  which 
the  emanations  from  human  remains  in  an  advanced  stage  of  decomposi- 
tion are  not  of  a  deleterious  nature,  so  there  is  no  case  in  which  the 
liability  to  danger  should  be  incurred,  either  by  interment  or  by  entomb- 
ment in  vaults,  which  is  tlie  most  dangerous,  amidst  the  dwellings  of  the 
living, — it  being  established,  afi  a  general  conclusion,  in  respect  to  the 
physical  circumstances  nf  interment,  from  which  no  adequate  grounds  of 
exception  have  been  established,  that  all  interments  in  towns,  where  bodies 
decompose,  cuutributw  to  the  mass  of  atmospheric  impurity,  which  is  in- 
jurious to  the  public  health." 

In  the  same  report  he  further  remarks:  **  I  have  no  doubt  whatever 
that  the  burial-grounds,  as  at  prrsent  constituted  [intramural  burial- 
gnjundsj,  are  a  continual  suurce  of  pestilence,  slow  perhaps  in  its  opera- 
tion, and  hence  overlooked  by  ordinary  observers.  They  are  undermining 
the  constitutional  stamina  of  thousands  of  our  town  populatitms,  while 
people  are  denying  that  they  have  any  injurious  tendency;  and  it  is  only 
when  some  epidemic  conios  to  try  it,  like  a  toucfistone,  ihat  the  conse- 
quences of  long  antecedent  neglect  becoitie  so  apparent  as  to  rivet  and 
excite  alarm."     .... 

"The  grave-yards  of  London  arc  still  the  plague-spots  of  its  popula- 
tion. The  putrid  drainage  from  them  pollutes  its  wells,  seethes  beneath 
its  dwellings,  and  poison.s  its  atmosphere.  Some  parts  of  the  metropolis 
ar«  still  honey-eoml>ed  with  deposits  of  the  putrescent  remains  of  millions 
of  ila  citizens,  just  as  with  cesspools  and  other  abominations.  The  vaults 
of  many  churches  are  still  little  better  than  charnc!houses,which  it  is  ab- 
solutely dangerous  to  enter,  or,  if  they  have  been  ventilated,  the  noxious 
eflluvia  which  they  ceaselessly  genernte  have  been  poured  forth  to  con- 
taminate the  atmuHpherc  without."  These  are  some  of  the  reasons  which 
led  to  the  final  abolition  of  intramural  interments  in  London  and  other 
English  cities,  and  thoy  arc  still  applicable  to  all  places  where  the  practice 
is  still  continued. 

Intramural  intennent  was  seldom  practised  in  ancient  times.  The  old 
Koman  law  forbade  it.  This  law  was  occasionally  infracted  in  the  early 
days  of  Christianity,  and  at  one  time  the  privilege  of  burial  within 
cities  was  accorded  in  special  cases  us  a  mark  of  distinction.  Between 
the  years  381  and  509  the  taw  was  again  stringt^ntly  enforced,  with  the 
object  of  preventing  infection,  and  the  remains  of  the  dead  which  had 
been  previously  buried  within  the  cities  were  direntetl  to  be  removed.  In 
this  latter  year,  the  first  Christian  cemetery  was  established  in  Rome. 
This  WRS  the  commoncemoiit  of  the  practice  of  burial  in  church  vards  and 
small  enclosed  places  within  the  inhabited  parts  of  cities,  which  was  con- 
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tinued,  with  occasional  restrictions  and  modifications,  until  the  eightef> 
century,  when  the  evils  of  the  practice  had  become  so  monstrous  that 
governments  of  Kurope,  under  the  advice  of  learned  men,  begmn  to  ft 
laws  prohibiting  or  restricting  this  mode  of  sepulture.  Since  that  ]«> 
the  reform  in  this  practice  has  been  progressive. 

In  the  latter  part  of  the  eighteenth  century  the  grave-yards  in  P 
were  closed,  and  rural  cemeteries  substituted  for  them.  Subsequently 
law  was  made  more  general.  The  disinterment  of  hollies  in  the  old  ce 
tery  of  the  Innocents  in  P^ris,  in  1785,  was  directe<3  on  acoount  of 
sickliness  of  the  neighborhood.  So  .impure  was  the  air  in  the  adjoir 
cellars,  that  candles  were  quickly  extinguished  by  it.  Although  the  wii 
season  had  been  selected,  and  every  precaution  was  obseired  in  cond 
ing  the  work,  a  number  of  grave-diggers  were  suffocated  on  the  spol 
the  escape  of  poisonous  gases.  After  the  removal  of  the  remains, 
neighborhood  became  healthy. 

Typhus  and  other  fevers  were  prevalent  in  the  tnimediate  localiti 
the  I-X>ndon  grave-yards,  when  it  was  a  common  practice  to  use  the  s; 
grounds  over  and  over  again  without  any  reference  to  the  humber  of  ] 
vlous  interments.  The  soil  became  saturated  with  the  products  of  put 
remains,  and  the  offensive  effluvia  arising  from  its  surface  were  belie 
to  be  the  cause  of  these  fevers. 

Dr.  Allen  mentions  an  instance  where  sickness  was  caused  by  brea 
ing  the  vitiated  air  emitted  from  a  grave-yard.  In  1814,  soldiers  statioi 
near  the  Potter's-fiold,  in  New  York,  which  was  most  offensive,  were 
tacked  with  diarrhoea  and  fever.  After  removal, — which  was  promp 
after  the  commencement  of  the  sickness, — one  of  the  sick  died,  and 
others  recovered.  Dr.  Barton  is  authority  for  the  statement,  that  the  j 
low  fever  was  greatly  aggravated,  in  the  epidemic  of  1853,  in  New  OHea 
by  the  exhalations  from  the  overcrowded  intramural  tombs.'  Norfi 
and  IV>rt.'*iiii>ntli  sufFcn'ii  in  xho  sanir  way  iliiring' thr  iiMMii<jraI)Ie  epidei 
of  yi'ilow  fuviT  ill  iH.'i.'),  whicli  nt'urly  (icpopulalcd  thos«!  towns.  Most 
th(!  intcnni'iils  wen-  iiiadf  witlilii  thu'  towns,  and  uiub^r  most  uiifavora 
tiircutiibtuiicfs  as  to  soil.  'I'll*.'  water-level  was  only  six  fi'i*t  from  the  s 
fa»M',  and  tlic  ;;r:iv<'s  worn  inadt*  about  four  ft'ct  dcfp,  and  frccjutMillv  c- 
tained  lis  tininv  iis  tun  or  tlirce  bodies.' 

iJr.  Kan<-li '  atlrilnites  tlio  spread  of  th<'  cholera  in  the  vicinitv  o 
cemetery  iii  Hurlingtoii,  Iowa,  in  IS-'dl,  to  eflliivia  generate.!  bv  the  deco 
position  <tf  bodies  recentlv  buried.  N"  ca^os  oeeurr'-d  in  tiiis  ntMghlv 
hc)f>d  until  after  twenty  bodies  liad  been  interred,  and.  tlien.  in  the  dir 
tion  of  the  win<l  frotii  the  cemetery. 

Dr.  Heefl  detect«rd  the  escape  of  deleterious  miasma  from  gra' 
tVenty  feet  deep.  Flo  says;  "In  some  chureli  yards  I  have  nntireH  i 
ground  to  be  absolutely  saturated  with  oarl)onic-aeid  ifa.s.  si>  t!  at  win 
ever  a  deep  ffrH\e  was  dii<r,  it  was  filled,  some  hours  afterwani,  w 
such   an   aiiunnit   of  earbonic-acid   cus  that    workmen   could   not  de^^ 


Bauch  :  iDtrsmural  IntenueDte  in  Popolous  Cities,  1866. 
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without  dan^r.  Deaths  have  indeed  occurred  in  aomn  rhurch-yardft  from 
this  cause." ' 

Mr. Walker,  in  "  Gatherings  from  Churrh-yards,*'  has  given  many  cafie«, 
pome  of  which  wok>  fatal,  to  sliow  how  malipn&nt  is  the  influeno«  of 
crowded  ^rave-yards  in  contincd  places. 

In  the  early  part  of  1874  tiiere  was  a  great  amount  of  sickncMt  in  the 
vicinity  of  th<>  IJatlprst-a  (Vmcti-ry,  London,  which,  on  account  of  the 
dangerous  and  iilarininjtjf  profxjrtioim  it  assumeirl,  was  made  the  subject 
of  investigation.  The  general  belief  that  ih*^  sickness  was  caused  by 
emanations  from  the  crowded  cemetery,  though  not  posttivrly  coniirmed, 
was  not  disproved  by  the  investigation.'  Numerous  other  instances  might 
be  given  to  show  the  injurious  eflecta  of  breathing  the  air  of  burial- 
grounds. 

The  gases  and  offensive  organic  matters  given  off  from  bodies  during 
the  process  of  decomposition  are  found  in  the  air  of  vaults  in  concentralfd 
form,  and  can  be  traced  in  the  air  of  church-yards.  According  to  I'arkes, 
•*the  air  of  church-varda  is  rinher  in  i^rhonic  acid  (.7  to  .9  per  1,000:  Ka- 
tnon  da  Luita),  and  tlie  organic  matter  is  perceptibly  large  when  tested  by 
potassium  permanganate.  Iti  vaults,  the  air  contains  much  carbonic  acid» 
carbonate  or  sulphide  of  ammonium,  nitrogen,  hydrosulphuric  acid,  and 
organic  matter.     Fungi  and  germs  of  infusoria  abound." 

The  iiitiuenrc  of  these  emanations  on  health  is  manifest  in  proportion 
to  the  degree  of  concentration.  It  is  evident  that,  in  very  concentrated 
fprm,  they  may  cause  asphyxia*  and  sudden  and  conipleti*  extinction  of 
life.  In  less  concentrated  form,  the  result  may  hi-  a  depression  of  the 
vital  powers,  and  a  disturbance  of  the  healthy  functions  of  the  system. 
If  these  effects  are  often  repeated  and  the  putrefactive  emanations  long 
applied,  they  may  produce  fevers,' or  impart  to  fevers  due  to  other  causes 
a  typhoid  or  low  putrid  charaofcr.  Contagious  material  nuiy  also  be 
present  in  the  effluvia  from  dead  bodies.  The  putrefactive  exhalations 
may  cause  the  most  developed  form  of  typhus  fever.* 

The  contamination  of  drinking-water  is  sometimes  caused  by  the  too 
close  proximity  of  burial-grounds  to  the  sources  of  supply  {wells  and 
rivers). 

Professor  Brande  mentions  an  instance  of  a  well  near  a  ehurch-yard, 
"  the  water  of  which  had  not  only  acquired  odor,  but  color  from  the  soil ; " 
and  he  is  of  the  opinion,  that  the  superficial  springs  adjacent  to  burial- 
grounds  must  be  more  or  less  affected  by  the  products  of  decomposing 
bodies  accumulated  in  the  soil. 

Eassie  states,  that  duritig  the  Peninsular  war  the  Kiiglish  trL>ups  suf- 
fered greatly  from  low  fevers  and  dysentery,  caused  by  being  obliged  to 


'  Bulletin  of  Med.  !=toicaoes:  Pbiladelpbia.  lH4d,  p.  130. 
'  Me«3.  TimeH  anrl  Oaztttx.  Not..  1874.  p.  579. 
'Tardifu  :  Diet  d'hygiine.  iWi.  T.  III.,  p.  403 et  aeq. 

*  Dr.    Ri«cke*H  Report  on  thti  Xattwntze  of   Putrofoctive   BmAQutioos  on  Health, 
qaoted  b;  Chadwick  :  Tbe  Practice  of  lalennent  iu  Towiim,  PhilndHipliju.  1H49. 
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drink  water  drawn  from  welU  located  close  to  grounds  in  which  the  bodie 
of  their  deceased  comrades  had  been  buried.' 

Another  instance  of  water-contamination  is  that  reported  by  Dr.  L 
Pietra  Santa,  as  having  occurred  at  the  villages  of  Rotondella  and  Boll  it. 
in  Italy.  The  cemeteries  of  these  villages  were  located  upon  the  sumni 
of  a  wooded  height  at  a  considerable  dist&nce  from  the  houses.  .  Tl 
springs  from  which  the  water-supply  was  obtamed  were  at  the  foot  of  ll 
hill,  and  as  they  were  fed  by  water  which  had  filtered  through  soil  p< 
luted  by  decomposing  bodies,  they  became  highly  contaminated,  ai 
eventually  caused  a  severe  epidemic* 

A  similar  case  occurred  recently  in  Barbary,  at  a  time  when  the  plagi 
prevailed.  The  inhabitants  of  a  small  village,  who  lived  in  excavatioi 
in  the  rocks,  obtained  their  water-supply  from  wells  which  received  tl 
drainage  of  a  cemetery  where  bodies  were  covered  with  gravel  only  or 
foot  in  depth.  Those  only  who  drank  of  this  polluted  water  suffered  fro 
the  plague.*  Rheinhard  relates,  that,  during  the  prevalence  of  the  cattl 
plague,  in  Dresden,  a  number  of  victims  were  buried  at  a  depth  of  te 
or  twelve  feet,  and,  during  the  following  year,  it  was  found  "  that  th 
water  from  a  well  situate  one  hundred  feet  from  the  pit  in  which  the 
were  buried  had  a  fetid  odor  and  Contained  butyrate  of  lime.  At  a  di; 
tanoe  of  twenty  feet,  it  had  the  disgusting  taste  of  butyric  acid,  and  eac 
(piart  contained  about  thirty  grains  of  this  substance.  The  bodies  wer 
subsequently  disinterred  and  burned."* 

Recent  investigations,  made  by  Prof.  Fleck,  into  the  condition  of  th 
well-water  in  the  cemeteries  of  Dresden,  show  that,  with  one  or  two  es 
ceptions,  it  contains  a  large  amount  of  organic  matter.*  This  is  particu 
lariy  the  case  in  the  well-waters  of  three  of  the  oldest  cemeteries,  "where 
besides  notable  quantities  of  nitrates,  there  was  found  a  very  considerabli 
amount  of  unoxidized  organic  matter."  It  is  remarked  that  "the  com 
jKtsitioii  of  tlM>  <'(Mti(^torv-\v;it<*r  doos  iint  differ  essentially  from  that  of  tin 
aviTiijfc  wi'l!-\viit«>r  in  Drcsiicn  in  n-spect  to  the  decomposing  organii 
mutter;"  Imt  tliis  is  constiintly  exposed  to  the  danger  of  contaminatioi 
friMii  (icconiposin^r  arid  pulrcfvinjr  c)rganic  substances  escaping  from  eess 
jxiuls  luiii  privv-viiiilts,  and  from  drain-pipes  and  sewers,  and  is  more  o, 
less  irnpun-.  That  injurious  effects  have  not  been  observed  to  follow  thi 
limited  use  of  the  eeinetery- water  by  the  grave-diggers  and  their  families 
does  not  justify  a  conclusion  that  such  waters  are  safe  to  drink.  Th( 
water  of    wells    located  in  grave-yards,  or  in  close    proximity  to  grave 


'  Cremation  of  the  Dend.  London,  1875,  p.  62. 
'  EoMiie  :  Op.  cit. .  p.  G4. 

*  Ad&ms  ;  Cremation  and  Burial,  Sixth  Anonal   Report  of  Masii.  State  Bo&rd  ol 
Health,  IKTr,.  p   270. 

*  Chicago  Med.  Examiner.  Aup.  1.  1874. 

^  The  ex(!eption8  are   the  water    from  the  Trinity  and  Eliaa  oemeteriea^  which  an 
KJtuated  in  clean  coarse  gravel. 
'  Adams  :  Loc.  cit ,  p.  283. 
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yards,  should  alwuys  he  looked  upon  with  suspicion,  and  its  use  pro- 
hibited.' 

Abandoned  burial-gronndB' should  not  b*  disturbed  for  the  purpose 
of  removing  the  hodips,  until  the  lapse  of  a  number  of  years  after  thi*  last 
interment  has  taken  }»lace.  Dudies  decay  in  very  various  timcft^  and  there- 
fore the  proper  period  at  which  to  perform  this  work  cannot  be  deBnitely 
fixed.  Wherever  undertaken,  proper  precautions  slnaild  Vte  observed.  In 
no  case  should  a  general  disinterment  of  bodies  take  place  in  wanu  weather. 
It  would  be  better  if  disused  grave-yards  were  converted  into  parks,  and 
pJanteil  with  rapidly  growing  trees  and  herbage  to  absorb  the  nrganic 
substances  contained  in  the  soil. 

Cemeteries  should  ho  hicatyd  at  convenient  distances  from  town»i.  In 
selecting  the  site,  particular  attention  should  be  given  to  the  character 
of  the  soil.  This  should  be  dry,  well-aCrateil  and  well-drained;  the  ground- 
water should  never  reach  the  lowest  grave,  nor  rise  into  the  vaults.  The 
drainage  should  never  have  access  to  wells  or  rivers  from  which  drinking- 
water  lb  taken.  Rapidly  growing  trees  and  slirubs  should  be  planted. 
It  would  be  a  wise  precaution  to  surround  every  cemeterj-  with  a  belt  of 
trees,  as  suggested  by  Dr.  Adams,  to  act  as  a  barrier  to  the  escape  of 
deleterious  miasmata.  If  there  bn  a  choice,  a  porous,  coarse-grained 
gravelly  soil,  or  n  light  marly  soil,  should  be  selected.  In  all  ua.ses  it 
should  allow  of  a  free  movement  of  air  an<l  water  tlirough  its  pores  and 
interspaces.  A  vegetable  mould  covering  the  fornmtiori  will  assist  in 
neutralizing  the  noxious  exhalations,  and  will  favor  the  growtli  of  plants. 
Lime  and  chalk  soils  have  advantagOK.  Stiff  marly  soils,  and  especially 
stiff  clays,  preserve  bocjies  for  a  long  lime,  and  hence  they  are  to  bo 
avoided  if  poaaible.  The  selection  of  a  declivity  has  the  advantage  of 
facilitating  the  drainage  of  the  ground.  Underground  drainage  will  be 
necessary  where  the  soil  is  damp.  In  all  well-regulated  cemeteries  this  la 
always  resorted  to  as  a  means  of  securing  a  proper  condition  of  the  sur- 
face of  the  ground,  and  of  insuring  a  dry  state  of  the  subsoil. 

Bodies  should  always  be  buried  at  a  depth  of  at  least  six  feet  from  the 
surface  of  the  ground  to  prevent  air-contaminatton,  though,  if  nearer  the 
surface,  the  decomposition  would  be  more  rapid.  But  one  body  shuuld  be 
buried  in  a  grave  at  one  time,  and  the  same  grave  should  not  be  uscti  a 
8«oon<!  time,  until  after  the  complete  decomposition  of  the  body  previously 
interred  has  taken  place.  The  graves  should  not  be  walled  up,  but  the  earth 
shnuld  come  in  direct  contact  with  the  coffin.  Mr.  Haden  has  callfd  at- 
tention to  the  advantages  of  perishable  cuffins,  such  as  might  be  formed 
from  wicker-work,  the  object  being  to  let  the  earth  come  in  contact 


'The  water  from  grntve-yarda  contains  "ammoninm  and  oalotum  nitrites  and 
nitrates,  and  som«bicne>t  fatty  ackU,  nnd  much  o^aoic  matter.  Lefort  found  a  well 
of  water  nt  St.  Didier.  mure  tlion  ^10  feet  from  a  oemetery.  to  be  highly  unntAminuled 
with  ttmroonia*:al  salt«,  and  an  urgutiic  matter  which  wiw  left  tm  rvaporuiiou.  Tho 
water  waa  clear  at  &ni.  Uut  bad  a  vapid  tajMte,  aud  spoedily  became  putrid."  Porkfes: 
Op.  cit.,  p.  35. 

■Tanlieu  :  Diet,  d^jgi^ne,  1863.  T.  III.,  i>  AVi  et  B«q. 
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with  the  body  us  s|>cedily  as  jmasiblr,  »>  as  tn  hiut^n  ihf^  p 
chnngos. 

Houses  used  as  habitations  should  bo  at  loaat  500  yards  di 
anv  cometory,  to  prevent  the  in6uoiicc  of  containinaled  nir.  1*he  ^roaj 
caution  should  be  had  with  regard  to  the  water-supply.  It  should  nc 
be  taken  from  a  woll  siiuatod  in  a  cemetery  or  close  to  on<^.  In  this  € 
ncction  (jrcat  care  i^hould  be  taken  of  thu  ilrainaf^. 

In  "  air-tight "  vaults  the  process  of  dcM3ay  is  »low,  and  the  efioa|u! 
gases  is  likewise  slow,  and  honce  there  is  less  danger  of  pollution  of  t 
air,  and  water,  when  thitt  plan  of  disposal  is  adojtted.  This  melhod,  h 
over,  will  never  be  praetisi'd  to  any  preat  extent,  as  it  is  tiK>  expeiui 
nor  is  it  desirable  that  it  should.  ^M 

Various  niean^  have  been  made  use  of  to  prevent  ofTensirn  dc^oo^P 
lion.  Quicklime  is  sometimes  used,  but  eharooal  is  preferable,  as 
powerful  absorbent  and  oxidlrinj;^  qualities  prevent,  in  a  measure,  pu 
faction  and  the  evolution  of  fout-smelling  gases.  In  special  rascfl  I 
substance  may  bo  heaped  in  graves  ;  and,  if  not  procurable.,  a  gi>o]  « 
stitute  will  be  found  in  sawdust  and  sulphate  of  zinc,  or  carbolic  a< 
(Parkes.) 

Lime,  charcoal,  and  sulphate  of  iron  were  used  to  disinfect  the  gra 
of  men,  horses,  and  cattle,  around  the  town  of  Motz.  Grain  was  ac 
wliorcver  practicable,  and  the  mounds  over  the  trenches  were  plan 
with  tr«e&.  Ik>dics  which  had  been  superficially  buried  were  disinter 
with  the  greatest  precaution,  disinfectants  being  upjilird  to  the  wli 
earth  around  each  body  before  its  removal.  ^M 

l-x>uis  Cretour,  to  whom  was  entrusted  the  work  of  diainf«K*tii^P 
dead-pits  near  Sedan,  made  use  of  nitric  acid,  sulphate  of  irun,  ohior 
of  lime,  nnd  cldorinc  gas,  with  satisfactory  results.  Carbolic  acid  ^H 
to  l>o  less  efficacious.  ^1 

liaron  l^rrey  recommends  the  use.of  deep-dug  ditches— in  pormea 
soil,  if  it  can  bo  selected — and  the  free  use  of  quioklintc,  which  will  g 
rise  to  »low  romhuAtion,  The  lime  will  absorb  the  carbonic  acid  and  o 
vert  the  sulphur  and  sulphuretted  hydrogen  inlosulphuret  of  calcium, 
is  very  important  that  the  lime  should  be  freely  strewn  upon  the  bcxli 
and  that  they  be  covered  with  a  deep  layer  of  earth  to  absorb  impi 
emanations. 

<_>en)ation  has  been  advocated  as  the  safest  mode  of  disposal  of  1 
dead  in  war,  and  Mr.  Gassio  has  recommended  the  use  of  "ambulau 
furnaces  "  for  this  purpose.  ^m 

When  the  number  of  interments  is  excessive,  especially  in  til^| 
epidemic,  the  same  prerautionR  must  be  observed  as  indicated  abo' 
The  liberal  tise  of  disinfect  ants  will  l>e  required,  anil  even  more  th 
usual  care  should  be  taken  in  the  final  disposition  of  the  bodios,  that  Ui 
shall  at  no  time  thereafter  exert  a  malign  influence. 

Cemeteries  should  be  regulated  by  Statn  luws,  which  ought  to  itichi 
a  provision  for  minute  and  active  su{>er\-i8ion.  It  might  be  a  part  of  1 
doty  of  State  boards  of  health  to  receive  periodical  reports  of  ihe  aaoiU 
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condition  of  all  burial -pi  aces,  and  nf  tlio  mannpr  in  which  they  are  rcgu* 
lated.  The  exact  condition  of  every  »uch  place  would  be  a  matter  of 
record,  and  amonf(  the  advantaj^es  resulting;-  from  this  plan  of  ceiitral 
guperviston  wuuld  be  the  prevention  of  overcrowding  and  the  continued 
infringement  of  any  of  the  regulations. 


III. — Poi-mXION    OF  THE  SoiL  BY  COALHJAS. 

The  pollution  of  the  soil  by  coal-gas  is  not  an  infrequent  oocurrcnre  in 
large  towns,  where  miles  upon  miles  of  gas-pipes  are  hiid  beneath  the 
surface  of  the  streets,  iii  which  position  they  art:-  expotteii  to  the  risk  i>f 
fracture  or  of  injury  to  their  joints  from  various  ratises.'  The  melal  may 
he  weakened  by  corrosion,  and  give  way  under  too  great  super-imposed 
weight.  Thin  is  a  rare  aeeident,  and,  when  it  does  happen,  it  is  quickly 
discovered.  Leakage  at  the  joints  Js,  however,  a  more  common  occur- 
rence, and  it  is  often^a  difficult  matter  to  detect  the  precise  point  at  wliich 
the  escape  of  gas  takes  place.  Gas-pipes  are  sometimes  es|)05od  in 
making  excavallnns  for  building  new  sewers  or  fnr  rnpiiiring  old  ones, 
and,  if  not  properly  supported,  ihey  may  be  strained  al  th»^ir  joints  by 
the  subsequent  subsidence  of  the  earth  carelessly  thrown  into  the  trenches. 
However  produced,  a  leak  in  the  gas-main  or  connecting-pipe,  evcji 
though  it  be  a  small  one,  will  speedily  resuli  in  impregnating  the  soil  with 
a  most  deleterious  compound,  which  exerts  its  injurious  intUieriee  uiwn  the 
human  system  through  the  medium  of  woll-water  or  by  poisoning  the  air 
of  dwellings. 

The  gas  may  pass  into  the  sewera,  and  be  drawn  into  Ihuirps  through 
irapless  or  badly  trapped  dratn-pipes.  Its  e»caj>c  at  the  street-surfacf 
or  at  the  scwcr-openings  may  cause  annoyance  by  the  unpleasant 
odor  ;  but  dilution  by  atmospheric  air  lessens  its  hurtful  influence.  The 
more  oommori  and  must  dangr-rous  channel  nf  entrance  into  houses  is  by 
the  pores  of  the  soil  under  the  basement-floors.  This  is  more  liable  to 
frtjcur  in  the  winter  season,  for  reasons  which  will  be  explained.  Ill  health 
and  even  death  has  been  caused  by  coal-gas  escaping  into  houses  in  this 
manner. 

AJl  soils  are  porous  and  contain  air  in  more  or  less  active  circi^lation. 
The  "ground-air,"  as  ft  has  been  called,  is  in  continual  intercourse  with 
our  houses.  Whenever  the  air  inside  is  warmer  than  the  external  air,  an 
upward  current  will  be  established  through  tfie  fnundatiuns.  Healed 
houses,  therefore,  "ventilate  thom»elves  not  only  through  thr  walls,  but 
also  through  the  ground  on  which  the  house  stands."  The  penelralinn  of 
•oal-gas  into  houses  is  thus  aided  by  the  upward  current  of  the  "  gn)und- 
air,'*  caused  by  the  heated  hou.se.     The  suction-power  created  by  the  fires 

'  The  aoil  in  whioh  pipen  contAining  iUamioacLnff  gtu  ore  embedded  faoD  otu-n  n 
powerful  odor  of  it,  and  i.i  frotiueutty  much  d ijtnoloreO. .  Thit*  is,  without  doubt,  pAtUy 
ocoasinoeJ  b;  loM  tbrouiih  th>>  wolU  of  the  plt'ex.  tit  |,'iiaid  iL^ainnt  which,  bo  far  as  is 
pisatioable,  ghE  aompanii>x  t«ttt  their  piptn  hy  sahjecting  tht-m  to  a  powerful  preiiBuru. 
Pox     San    EzauinatloQii  of  \Vat«r.  Air.  osd  Fooil,  I87tt.  p.  813. 
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within  doors  in  the  winter  will  serve  u  an  explanation  of  the  fact  t1 
these  acoidents  from  coal-gas  have  happened  only  at  that  season  of  i 
year.  This  latter  oircumstanoe  has  been  made  uso  of  to  prove  that  i 
frozen  soil  does  not  allow  the  gas  to  escape  in  an  upward  direction,  1 
diverts  it  in  another  direction.  But  this  is  a  mistaken  idea,  as  the  fro 
soil  is  not  more  air-tight  than  when  not  froseu.  (Pettenkofer.) 

A  number  of  instances  are  on  reoord  where  persons  have  been  fati 
poisoned  by  the  entrance  of  gas  through  the  foundation-floors.  Says  P 
Pettenkofer:  **  I  know  eases  where  persons  were  poisoned  and  killed 
gas,  which  had  to  travel  for  twenty  feet  under  the  street,  and  then  throi 
the  foundations,  cellar>vaults,  and  flooring  of  the  ground'floor  rooms.** 
<Hie  of  these  cases  there  was  not  the  least  smell  of  gas  noticeable  in 
street,  the  gas  being  diverted  with  the  oairent  of  ground-air  toward 
house.  In  another  case  the  gas  always  found  its  way  into  the  1 
heated  room  and  produced  an  illnftss  of  its  inmates,  which  was  at  : 
thought  to  be  typhoid  fever.  Dr.  De  Chaumout  has  reported  an  insta 
in  his  own  ot»ervation,  of  fatal  poisoning  by  coal-g^as^  which  gained 
mission  to  the  house  through  the  foundations. 

Dr.  Emil  Roohelt  has  reported  *  a  recent  esse  of  poisoning  by  coal-j 
which  occurred  in  Innsbruck,  in  Uarah,  1875.  Three  persons,  a  man, 
wife,  and  dau^ter,  were  pcasoned  in  the  night,  the  latter  two  fatally 
the  escape  of  illuminating  gas  from  a  leak  in  the  street-pipe,  which 
from  some  cause  or  other  become  broken.  As  the  ground  was  frozen 
covered  with  snow,  the  esoa[Hng  gas  could  not  find  a  passage  upv 
through  the  street  surface;  it  therefore  forced  its  way  horiaontally  thro 
the  less-resisting  earth  (?)  into  the  house  and  into  the  rooms,  where  tl 
persons  were  lying  unconscious  of  its  presence.  Paasera-by,  noticing 
smell  of  gas  and  seeing  the  house  closed,  which  was  unusual  at  this  li 
of  the  (lay  (8^  A.M.).  broke  open  the  door  and  found  the  wife  and  dau^i 
iloaci,  and  the  man  in  a  fyanoticcomlitinn.  From  tht*  offocts  of  the  pt»i 
h»)  inudc  a  vi-ry  slow  rctwvorv,  l>ut  with  impaired  mind.* 

Driiikiiig-wiitt^r  is  Koinptinies  <*nntinninated  by  eoal-gas,  which  finds 
way  into  wells  an<l  water-mains  from  the  impregnated  soil.  This  latter  c 
is  nitlier  ranr.  It  is  more  Hkcly  to  occur  when  the  water-supply  is  in 
mitteiit.  Piirkrs  .says,  that  in  Berlin,  in  18C4,  out  of  040  public  wells, 
were  contanunated  l>y  admixture  with  coat-gas.  An  instance  is  mcntioi 
by  Mr.  Harvey  wliere  coal-gas  entered  tlio  water-mains,  which  were  of 
only  filli'd  with  air.'  Coal-gas,  in  limited  quantity  in  water,  is  not  ew 
detected,  hut  hy  warming  the  water  to  110*  V.  it  will  be  perceptible 
the  Kinell.  (Tieninnn.) 


'  Wien.  1110(1.  Prefw,  XVI..  4I>,  ]87r-. 

*TIiu  euuse  of  tho  (lircctiun  taken  by  the  Iilwrated  (ras  docs  not  depend  no  mi 
upon  t  lie'frnzcn  comJition  of  the  grottinl  an  upon  the  OMpiratory  jjowcr  of  the  bcitM 
of  thn  hoiiBo,  which  has  the  effect  of  CHtabliHhin(f  a  cuiTRTit  in  the  Hurro<iDdin|if  "  proui 
air  "  toward  thn  house,     Aiiy  f;na  in  the  "  gronnd-air  "  will  enter  this  current. 

*  I£iir\ev  ;  Food,  Water,  oud  Air,  February,   1872,  p.  C8 ;  and  Parkea :  Op.  c 

p.  2a 
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Coal-gas  sometimes  finds  its  way  into  scvrcrs,  ami  thenoe  into  houses 
through  the  channel  of  thecommiitiieKtingilrain.  Serious  explostons  have 
been  kjiown  to  occur  from  the  accumulation  of  large  volumes  of  gas  in  the 
aewent.  An  instance  oC  this  kind  occurred  in  Philadelphia  several  years 
ago.  A  sewer  near  tlie  gas-works  became  filled  with  gas  from  a  Unk  in  a 
neighboring  pipe.  The  strong  odor  of  gas  had  been  noticed,  but  it  was 
Bupposi'd  to  have  come  from  the  adjoining  works.  From  some  cause  un* 
explained,  the  gas  exploded  with  terrific  noise,  ren<ling  the  sewer  and 
tearing  up  the  street  for  a  considerable  distance,  but  fortunately  with  no 
loss  of  life. 

The  means  of  preventing  the  pollution  of  the  soil  by  coal-gas  arc, 
primarily,  the  selection  of  the  best  material  for  the  pipes  and  joints,  the 
employment  of  skilled  workmen,  and  the  careful  supervision  of  the  work 
of  laying  and  joining  the  pipes  by  engineers  ol'  ability;  and,  secondarily, 
the  provi.sion  of  means  of  acce»s  tu  the  pipes,  so  that  they  may  be  in- 
specteil  at  fr«^(jueiit  ititervals  without  tearing  uj)  tl»e  btreet.  Subways  for 
the  pipes  might  be  constructed.  By  their  use,  a  leak  could  be  easily  de- 
tected, and  the  expense  and  inconvenience  of  tearing  up  the  streets, 
which  is  often  a  fruitless  O[>oration,  would  bv  avoided. 


IV. — ^Pollution  op  ths  Soil  by  Surface  DfiPiL&uBKT. 

The  presence  of  foul  refuse -matters,  solid  and  liquid,  upon  the  surface 
is  another  source  of  soil-pollution.  Slovenliness  and  neglect  in  the  re- 
moval of  putrescent  refuse-matters,  which  are  the  product  of  every-day 
life,  are  the  cause  of  nuisances  which  afHict  most  communilioa.  The  waste 
materials  produced  by  the  activities  of  domestic  life,  oflPal  from  kitchens, 
house-slops,  the  dung  and  urine  of  animals,  and  even  human  excreta, 
sometimes  lie  expose<I  upon  the  surfaoe  or  are  stored  in  recej>tac!eH,  un- 
dergoing decomposition,  and  causing  a  nuisance  by  offensive  exhalation 
or  by  soakage  into  the  ground.  From  these  sources  the  surrounding  air 
beeomiis  contaminated  and  the  soil  polluted.  As  the  result  of  the  infil- 
tration of  the  soil  with  the  liquid  parts  of  refuse,  there  is  often  pollution 
of  the  water  of  well**  and  springs  and  of  the  air  of  houses. 

House-slops,  including  kitcheii*water,  if  not  disposed  of  promplly*  ur  if 
allowed  to  flow  over  the  surfiice.  will  speedily  give  rise  to  a  nuisance. 
Where  sewers  exist,  these  lii^uids  may  be  gotten  rid  of  by  means  of  un- 
derground pipes  connected  with  the  sewer,  and  in  small  places  by  adopt- 
ing a  plan  similar  to  Field's  flush-tank  system.  Chamber- slops  may  be 
disposed  of  in  the  same  way,  or,  wliere  the  earth-closet  systi^m  is  in  use,  by 
the  means  provideii  by  that  system.  These  liquids  should  never  be  al- 
Jowed  to  6ow  over  the  surface  or  in  open  clninnel^^  or  public  giillers. 

Kitchen-garbage  or  kitohen-waste — that  is.  the  animal  and  vegetable 
substances  discarded  in  the  preparation  of  food — und  the  waste  bits  from 
the  table,  if  not  immediately  utilised  or  burned  in  the  furnace  or  kitchen 
fire,  should  be  placed  in  small  receptacles  made  of  uon-absorbing  niatcriaL 
These  receptacles  should  only  be  large  enough  to  hold  tlie  accumulations 
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of  one  or  two  days  fti  the  most.  Thi»  kind  uf  refuKr  rapidly  dccum^ 
and,  tliortitore,  in  order  tltat  no  nuisance  arise,  it  is  of  Hrst  liupurta&i 
that  the  rt>iiioval  sliould  be  rugitlar  and  frecjuent.  In  summer  time,  tl 
daily  removal  will  be  required.  Itut  in  the  winter  season,  i^very  oUtpr  di 
may  suflicc.  In  populous  places,  the  romovnl  must  take  place  undor  ik 
direction  of  the  local  authoriiy.  The  so-called  dry-refust^  «f  houses  j 
very  lieterogeneous  mixture,  ft  is  principally  composed  of  ashes, 
sweepings,  rubbish,  and  bits  of  animal  and  vegetable  matter.  It^ 
contain,  and  often  does  contain,  kitchcn-)j^rbi4;t%  und  even  liquid  ar 
solid  excretji.  The  addition  of  these  substances  ^ives  an  extremely  ofte: 
sive  character  lo  the  refuse.  Amou^  certain  classes  of  the  popuiat' 
is  found  impossible,  in  practice,  to  prevent  this  breach  of  sauitar 
priety,  and,  therefore,  the  ref^ulations  relating  to  the  removal  of 
refuse  in  towns  must  be  framed  purp<wely  to  meet  this  defect  in  flotn^ 
mana^ment.  A  daily  removal  of  this  material  may  be  required  in  son 
cases — in  fact,  will  b«  absolutely  neeesnary,  to  prevent  it  from  hecomJr 
highly  offensive.  When  the  refuse-reoeptaele  is  used  for  its  legitima 
purposes,  and  is  ]»ro|>erly  managed,  a  bi-weekly  or  even  weekly  remov 
of  its  contents  will  fulfil  all  the  requirements  of  cle&idiness  and  decency 

House-slops  should  never  be  thrown  into  the  rubbish-receptacle,  ai 
the  latter  should  be  protected  from  rain  by  a  proper  covering,  as  tl 
admixture  of  litiuids  with  refuse  lends  to  promote  decuinposition,  af 
the  formation  uf  offensive  odors.  A  movable  receptacle  should  alwa^ 
bo  preferred  for  convenience  in  cleansing  and  in  handling.  It  may  I 
made  of  galvanized  iron,  or  of  wood  coaled  with  non-absorbent  materii 
[t  should  not  bo  unniH^essarily  large,  being  reittrirted  in  hize  to  a  i-a|>aci1 
for  accumulations  of  a  very  limited  period,  A  half  potroleuni-barrel  w. 
tuna  a  very  convenient  ush-tub  for  general  use  in  iRtpnlous  districtB*^| 

The  storage  of  refus4;  on  the  premises  should  Ije  avoided,  if  possBI 
as  the  practit^o,  if  not  regulated  with  the  greatest  care,  is  liable  to  cause 
nuisunue  by  the  production  of  effluvia  and  by  soakage  of  offensive  liqai< 
into  the  ground.  If  a  fixed  dust-bin  bo  used,  it  should  be  well  made  of  in 
permeable  material,  to  prevent  soakage,  well -covered  so  as  to  be  kept  dr; 
and  well-located  so  as  to  be  convenient  of  access,  Intth  for  the  huusr  ail 
for  the  removal  of  its  contents  by  the  scavenger.  In  small  placfw  the  di 
refuse  may  be  disposed  of  advantageously  by  burning,  but  in  towns  thw 
is  not  apace  sufficient  for  this  mode  of  disposal,  and  the  smoke  and  ame 
created  by  the  act  would  cause  a  serious  annoyance.  In  such  places  il 
eventual  utilisation  lies  within  the  domain  of  the  Authorities,  It  is  gci 
orally  carted  outside  the  town,  where  it  is  jncked  over  and  siirled^^ 
the  discarded  portions  used  for  "61ling  in.''  ^M 

The  various  kiM<Is  of  trades  and  businessen  which  give  rise  to  anon 
or  vt-getable  refuse,  may  contribute  to  the  defilement  of  the  surfacu  lyi 
to  the  pollution  of  the  soil  by  soakago.  The  want  of  proper  reccplanl 
these  waste  matters,  the  neglect  of  their  pnjinpt  removal,  and  the  ah 
of  underground  draiiuigo,  lead  to  the  soakage  of  thn  putrt'sct^nl  liq,'" 
substances,  both  within  and  beyond  the  prwmisc*,  and  th«r«Uy  cafl 
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offensive  nuisance.  Places  for  the  slau^litcrinf^  of  cattle  frequently  give 
rise  to  these  enls.  The  washings  mixed  with  blood  and  jiarticles  of  ani- 
nial  matter,  nnd  the  oozings  from  badly-kept  ni  Mm  re-heaps,  so  cummon 
about  slaughter-houses,  when  exposed  upon  the  surface  or  imbibed  by  the 
soil,  rapidly  undergo  decomposition  and  g've  off  deleterious  products. 
Businesses  which  handle  all  sorts  of  animal  and  vegetable  substances^ 
such  as  btme-boiling,  fat-reuderiiig,  meat-packing,  vegetable-canning 
establishments,  and  the  like,  ulways  retpiire  the  most  ]>:irticular  attention, 
in  order  to  prevent  tho  Insanitary  disposition  of  the  pulrescent  ffuse. 

Market-houses  also  riMpiire  e-an^Fiil  supervision,  as  thescplaces  are  liable 
to  cjiuse  a  nuisance  by  accumulating  refuse,  and  by  careless  disposal  of 
surface- washinjrs. 

The  keeping  of  horses  and  cattle  in  populous  places,  unless  care  is 
taken  to  have  thi'  floors  of  the  enclosures  paved  with  impermeable  material 
and  well  dmined,  the  temporary  receptacles  for  refuse  well-cemented  and 
frequently  cleaue^l  out,  and  the  li(|uid  refuse  conducted  away  by  proper 
underground  conduits,  will  create  a  nuisance  by  soak  age  within  thepruni- 
iaes,  or  dcHlcment  of  the  surface  beyond  thuir  limits  by  the  offensive  out- 
ftow.  It  is  needless  to  further  enlarge  upon  this  subject,  as  it  has  been 
treated  elsewhere  in  the  chapter  on  Public  Xuisances,  under  tho  head  of 
Offensive  Trades. 

The  deposit  of  refuse-matter  upon  the  surface  of  the  pidjlic  ways,  it 
not  promptly  removed,  will  give  rise  to  the  contamination  of  the  air  by 
the  decomposition  nf  the  organic  substances  of  which  it  is  largely  com- 
pOM^d,  and  to  the  pollution  of  the  soil  beneath  the  pavements  by  soakage 
of  liquid  impurities.  This  ts  more  apparent  when  we  inquire  into  the 
composition  of  street-dirt.  In  addition  to  the  inorganic  detritus  of  tht; 
roa<l,  it  consists  of  the  dung  and  urine  of  horsps,  and  sometimes  of  cattle, 
of  vegetable  matter  from  trees,  of  refuse  from  houses,  sweepings  from 
yards,  kitchen-garbage,  kitchen-water,  and  house-slops,  containinganiniHl 
and  vegetable  matter,  and,  in  poorer  nei^^hborhoods,  these  arc  somotitiies 
mixed  even  with  human  excrement,  both  solid  and  liquid.  This  mixture 
of  animal  and  vegftahle  substances,  when  wetted  by  rain,  soon  dftcom- 
poses  on  exposure  to  the  heat  of  the  sun,  and  develops  foul  effluvia  which 
must  be  detrimental  to  health,  especially  in  crowded  and  ill-ventiUtod  lo- 
ralities.  And  further,  unless  the  pavement  is  composed  of  impervious 
materials,  tin;  liquid  tilth  penetrates  the  surface  and  soaks  into  the  soil, 
and  from  this  storehouse  of  putrescible  matter,  the  water  of  wells  is  ox- 
posei]  to  the  danger  of  pollution,  and  the  air  of  houses  to  contamination 
through  the  medium  of  intercourse  with  the  "ground-air."  These  evils 
depend  upon  imjjerfect  drainage,  a  bad  system  of  scavenging  and 
refuse-removal,  and,  very  materially,  upon  badly  constructed  pavements. 
The  fundamental  fault  lies  in  the  defectiveness  of  the  street-pavement. 
Inetjuality  of  surface  favors  accumulations,  and  thwarts  the  best-directed 
effort  at  cleansing.  Gutters  are  often  unevenly  laid,  so  that  stagnant 
pools  of  water  are  always  present.  Tliifl  fault  is  especially  glaring  where 
the  practice  of  draining  house-slops  on  the  public  ways  is  permitted. 
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The  aanitftry  importaooG  of  a  thorough  cleanKiiig-  of  the  public  wa 
is  pliiinly  to  be  seen.  And  this  cannot  be  accompUslied  without  the 
vision  [>f  B  suitable  surfaoc — such  an  one  iis  wilt  prevent  the  retention  < 
filth,  und  the  ]»:netration  of  its  liquid  portions  downward  into  the 
It  is  especially  important  that  this  provi&iou  should  be  extended  to  i 
small  streets,  courts,  atleV'Ways,  and  all  crowded  and  l>«dly  vcntilal 
localities,  whore  the  poor  are  pat^ked  together,  a»  it  i»  in  such  plac^ft  tk 
the  street  is  apt  to  he  used  as  a  common  receptacle  for  all  sorts  of  rpfti 
matter;  and  it  is  therefore  all  the  raore  necessary  that  such  a  surfa 
shall  bti  furnished  as  will  prevent  the  retention  and  imbibition  of  filth. 


Street- Pa  vejtien  ta. 

At  the  present  day  street-pavements  are  included  amon^  the  md 
Important  sanit^try  works,  and  properly  so,  since  it  is  an  essontial  coin 
tion  of  public  health,  that  all  town  roadways,  of  whatever  descriptic 
should  bo  well  drained,  non-retentive  of  Kith,  and  as  noiseless  as  possll 
A  thoroughly  well-paved  town,  other  things  being  equal,  must  of  nece 
have  a  lower  dcatli-raio  than  one  with  the  opposite  condition  of  its  str 
and  alleys.     Evidence  could  be  cited  confirmatory  of  this  statetnent. 

In  the  construction  of  street-pavemetits,  it  is  of  primary'  itni>onai 
that  every  sanitary  advantage  should  be  secured.  Until  recently  c| 
phase  of  the  subject  has  been  pretty  generally  ignored.  The  t^ufstion  < 
the  kind  of  pavement  best  adapted  for  ordinary  trallie,  and  l>cst  suited  ^ 
meet  the  requirements  of  public  hygiene,  is  not  sa  easily  delcnnini 
Tlie  principal  kinds,  at  present  in  use,  an*  the  cobhle-stonf,  the  macad 
mixed,  the  granite-block,  the  wood,  and  the  asphalt  pavements  The  tf 
last  are  probably  preferable,  from  a  sanitary  standpoint. 

The  cobble-stone  pavement  has  been  much  us«>d  in  the  United  Stat^ 
The  stones  being  easily  procurable  from  the  gravel  of  the  diluvium,) 
along  the  sea-shor«*  or  river- beaches,  liave  been  very  generally  rfsorteii  \ 
AS  an  economical  and  durable  material   for  covering  streel-surfacea. 
atones  of  the  harder  variety,  and  of  nearly  equal  sire,  are  wlocted,  and! 
they  are  closely  set  and  well  laid  upon  a  gooil  bed  of  gravel  and  san 
they  make   a   cheap  and  substantial  pavement,  which  nfTords  a   ^crure 
footing  to  horses,  and  has  the  advantage  of  being  easily  repaired. 
thcre  arc  serious  objections  to  this  kind  of  p.-iveninnt,  from  a  «anit 
point  of  view.     The  most  prominent  of  these  arises  from  the  fart  that 
the  most  difficult  pavement  to  keep  clean.     From  the  shope  of  the  stones J 
is  impossible  to  fit  them  to  each  other  so  as  to  form  n   prrft^i'tly  smooUi 
surface;    and,  therefore,  the  spaces   left  bctwi-cu   them,  at   first 
up  with  clean  gravel,  soon  l>ccoine  filled  with  Hlth,  which  it   is  faus 
practicable  to  remove.     Through  these  interHliees  the  liquid  filth  p«r 
atos  the  underlying  earth,  so  that  in  time  the  bed  of  the  street  b« 
saturated  with  impurities  in  liic  nii>at  concentrated  form.      Evcr;i'  om 
perhaps,  familiar  with  the  very  offensive  black  earth   uneoveri'd  by 
removal   of  an   old   an<I  worn-out  oobble-stoiie  pavement.     Th*  eflla« 
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arising  from  tlie  sttrface  of  this  fitth-soddon  soil  exert  a  baneful  influence 
upon  the  health  of  those  who  are  con)pelle<l  to  breathe  an  atmosphere 
thus  vitiated  with  impurities.  Particularly  \s  thi.s  the  caiite  in  narrow, 
crowded  streets,  where  the  evil  is  intensilied  b3'  the  want  of  proper  ven- 
tilation. 

Another  objection  to  this  kind  of  pavement — and  in  fact  to  most  stone 
pavements — is  the  noise  created  by  the  rattling-  ot  vi'hirles  over  the  rough 
surface.  To  persons  in  sound  health  and  of  strong'  constitution,  it  may 
be  a  matter  of  trivial  concern;  they  become  accustomed  to  it,  and,  ap- 
parently, in  no  wise  sufTor  ftt^m  its  efTectti.  Mut  to  persons  of  a  delicate, 
nervous  temperament,  and  to  the  sick,  this  nuisance  is  particularly  dis- 
tressing. The  tan-covered  pavement  tells  the  tale  of  the  aggravated  and 
intolerable  suffering  to  which  the  sick  have  been  subjcctetl.  The  inces- 
sant din  of  constant  traffic  Is  bad  enough  in  the  daytime;  but  when  it  is 
prolonged  into  the  hours  commonly  allott4jil  for  rest,  it  interferes  with 
the  healthy  condition  of  sleep.  The  constant  noise  by  day,  and  the  inter- 
ference with  steep  at  nigiit,  aunoy  the  nervous  system,  and  lend  to  render 
it  morbid. 

The  macadamized  roadway  has  certain  well-recognized  advantages, 
such  as  smooth  surface,  comparative  noiselessness,  and  compactness  of 
structure;  but  it  i.s  by  no  means  suitable  for  the  public  ways  of  a  large 
town.  It  soon  becomes  ground  into  fine  mud,  which  is  composed  of 
finely  pulverized  stone  mixed  with  horse-dung,  sand,  and  other  materials. 
In  moderately  wet  wt^alher  it  is  convertfd  into  a  slush,  which  coats  the 
surface,  rendering  it  very  slippery,  and  otherwise  objectionable.  By  heavy 
rains  this  mud  is  washed  irito  the  sewers,  wliich  it  obstructs,  and  into 
the  rivers,  where  it  renders  heavy  dredging  oj»erations  necessary.  "The 
deposit  of  detritus  of  the  roads  of  I^ondnn  iti  the  Thames  will  cause  a 
serious  and  irreparable  injury  to  the  port  of  London,  which  no  amount  of 
dredging  will  be  able  altogether  to  remove  after  some  more  years  of  con- 
tinuance." (Denton.)  This  is  largely  due  to  the  wear  of  macadamized 
roads.  Very  active  dredging  is  required  to  prevent  tJie  blocking  up  of 
the  Seine  by  such  detritus  at  the  ijiouths  of  the  outfall-sewera.  About 
1A0,U(K)  tons  of  solid  matter  are  annually  discharged  into  the  8eiiie  from 
tiiese  aewers.  In  18*4  about  180,tK)0  franca  were  expended  for  dredging 
operations  near  the  sewer-outlets. 

In  dry  weather  the  mud  upon  the  streets  becomes  converted  into  dust, 
which  is  wafted  about  in  ♦•ri?ry  direction  to  the  annoyanec  of  the  jieopic, 
and  possibly  to  the  injury  of  their  health.  Oilier  objections  are  the  ex- 
pense of  construction  and  repairs,  and  of  frequent  sprinkling  to  allay  the 
flusl,  and  the  great  difficulty  of  keeping  the  surface  clean. 

Granite-block  pavmncnts  also  become  pulverized  under  heavy  traflic, 
but  to  a  less  extent.  They  are  open  to  the  objection  that  their  interstices 
collect  tilth  which  it  is  impmssible  lo  remove,  oven  by  the  lx;st  managed 
phin  of  cleansing.  "  The  cubical  stone  blocks  are  displaced  under  the  pro- 
digious traflic,  the  corners  ami  edges  are  worn  away,  tiie  surface  gels  to 
be  irregular,  the  joints  are  widened,     The  tilth  of  the  streets  gathers  in 


ruts  and  joints,  is  recruited  constantly  by  new  accca&ioiis  of  uriae, '. 
dung,  and  silt,  and^  diluted  by  rain,  it  ferments,  and  forms  a  pntr 
organir  mirp,  becoming,  in  course  of  time,  a  nourcc  of  nuxiuu<t  inijMiinA, 
In  hot  and  dry  w^-ather  these  nauseating  deposits  pasa  into  the  atmoi 
phcre  in  the  form  of  unhealthy  vupon>,  ur,  pulverized  and  drifted  by  tli 
wiiid,  cause  inconvenionce  and  poison  our  lunj^  Indeed,  in  repatnn 
old  pavonienta,  a  hlack  layer  of  ground,  saturated  with  Aulphun'itr 
hydrogen,  is  found  hflow  tlm  stone  blocks,  and  bejire  witness  to  th*>  it 
feotion  of  the  subsoil  by  the  soakuge  of  corttamiitated  water.  Prof.  Tyi 
dall  has  established  by  experiments  that  a  large  proportion  of  the  partick 
of  dust  in  the  rooms  of  London  houses  is  of  oi-g-aiiie  origin,  and  other  d 
pcriments  have  demonstrated  that  horsc-tnanure,  in  a  state  of  dccon 
tion,  is  a  permanent  ingredient, 

*'  Vapors  still  more  noxious  than  those  from  the  road-boil  of  th<t  atrwl 
rise  from  the  grutters,  the  subsoil  of  which  is  sulurated  to  a  considetmb 
depth  by  more  concentrated  matter  of  the  described  compf»sition,  an 
also  fnjm  the  surfaee  of  alloys  on  which  are  the  bouses  of  great  uumbft 
of  people  of  linijled  means.  Crowd*  of  dirty  children,  whose  tender  Iuii| 
breatlio  the  air  immediately  over  this  miasmatic  soil,  here  contract  coi 
stitutional  predispositions,  wbieb  dtxjm  them  to  a  lan^-uisbin^  and  nitae 
able  life,  and  render  them  an  easy  pn>y  to  epidemics.  This  infection' 
the  subsoil  h&a  tx*cn  prevented,  with  a  certain  dcjaTee  of  suoocaa,  ft 
foundations  of  concrete.  There  "is  still  another  feature  of  stone  pavemeal 
in  the  heart  of  cities,  which  affects  the  inner  man  mon;  than  the  physici 
frame,  viz.,  the  rattling  and  noise,  under  heavy  tratlio.  aci-ompanied,  i 
aJluvial  soil,  by  vibrations  of  the  adjoining  houses.  People  wiUi  at 
nerves,  and  accustomed  to  tfaia  rattle  from  early  youtb^  may,  to  son 
tent,  become  hardened,  but  they  will  never  get  to  Im  Jnsensthlo 
any  indisposition  is  aggravated  by  the  nuiiiance,  and  for  recovery  the 
hurry  to  the  country.  People  with  weak  nerves,  especially  delicate! 
organized  women,  suffer  great  and  pennanent  injury  to  the  h«yy 
Nothing  hut  the  constant  torment  has  partially  iltdled  us  to  this  evil^H 
cities  had  never  been  afflicted  with  this  noise,  and  if,  in  a  competttw 
with  other  more  suitable  materials,  stone  pavements  were  adopts 
storm  of  opposition  would  soon  sweep  them  out  of  existence  again. 
of  these  diHiculties  have  been  obviated  by  using  smaller  and  harder  st 
but  the  objection  to  the  improved  Belgian  pavement  in  general  usa,  a 
account  of  the  genns  of  diaeafic  stored  in  the  wide  jotnta  and  unda 
blocks,  still  remains.*^  * 

The  wooden  pavement  has  been  brought  forward  within  recent  \ 
ns  a  substitute  for  cobble  stones  and  granite  hloeka.  It  ia  claimed 
that  it  meets  the  objections  encountered  in  stone  i>fl.vementji.  It  has  I 
extensively  used  in  the  United  f^tutes.  and  at  one  time  stood  in  gooi 
repute,  but  it  haa  been  generally  abandoned,  the  main  rraaon  for  its  disni 
being  on  account  of  its  tendency  to  decay.     In  FCngland  ihcru  has  been 
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tiliarp  contest  between  various  kinds  of  pavnments,  particularly  those 
made  of  granite,  asphalt,  and  wood,  whiuh  hus  Imon  decided,  aft«^r  a  pro- 
longed  comparative  trials  in  favor  of  th«  last;  and  the  coqKiration  of  Lon- 
don has  coiinrmed  tho  dct^ision  and  reconitn tended  the  adoption  of  this 
style  of  pavi-ment  for  the  thoroughfares  of  that  great  city.  Mr.  Hay- 
wood, the  engineer  and  surveyor  to  the  commissioners  of  sewons  of  the 
city,  has  shown  that  horses  travelling  on  the  wooden  pavement  are,  on 
the  whole,  liable  to  falls  of  a  character  less  inconvenient  to  the  gcm^ral 
traffic  in  the  street,  and  also  lest;  likely  to  be  injnrioii.s  to  the  horses  than 
those  which  oecur  from  travelling  on  tho  other  pav*>nionts.  The  wixideii 
pavement  is  rather  more  expensive  than  tho  asphalt,  but  this  is  counter- 
balanced in  other  ways.  "  In  eaay  traction  and  the  absence  of  noise  there 
is  no  comparison  between  wooil  and  granite,  and  since  the  surface-water 
has  been  kept  out  by  means  of  asphalt,  woixi  has  become  one  of  the  most 
durable  of  jMivenionts.  The  rapidity  with  which  it  can  be  laid,  and  tho 
ease  with  which  it  can  be  repaired  are  not  the  least  of  its  meritJ*,  while 
the  flooring  of  planks,  which  is  now  laid  as  a  substructure,  gives  great 
elasticity,  and  by  distributing  the  weight  e<iuaUy  over  tho  whole  pave- 
ment adds  to  its  power  of  endurance."  ' 

Although  this  experience  does  not  correspond  with  the  results  of  ox- 
tended  experiments  made  in  this  country,  purLicularly  as  to  the  quality 
of  durability,  the  <lisagrcement  may  be  oxpIuiruHi  hy  tho  fact,  that  an  im- 
proved preliminary  treatment  of  the  material  an<l  a  liolter  plan  of  con- 
structing the  pavement,  have  overcome  the  defects  which  caused  it 
to  be  generally  discarded  in  the  United  States.  If  the  proper  kind  and 
quality  of  wood  l>e  selected,  and  the  blncks  and  fciundation  boards  be 
thoroughly  kyanizod  and  boiled  in  asphalt  until  tho  materiiil  becomes 
completely  saturated,  and  if  a  solid  and  impt^rvious  foundation  of  concrete 
be  first  laid,  this  pavfjtiieiit  will  undoubtedly  bo  rendered  very  durable. 
This  quality,  in  addition  to  those  of  smoothness  of  surface,  noiselesnesa,  and 
impermeability  to  moisture,  will  supply  tho  essential  conditions  of  a  pave- 
meot  considered  satisfactory  from  a  sanitary  standpoint. 

Tho  asphalt  pavement,  when  properly  made,  is  probably  the  very  be«t 
pavement  that  h:M  ever  been  devised.  It  is  smooth,  noiseless,  advantu- 
geons  for  traction,  thoi-uughly  impervious  to  moisture,  and  is  very  durable. 
It  prevents  the  soakage  of  filth  into  the  subsoil;  it  has  no  cracks  or 
crevices  to  harbor  impurities,  nur  unevenness  of  surfa*ro  lo  retain  waste 
matter  and  retard  drainage.  It  is  easily  washed,  and  this  is  an  important 
advantage  for  a  pavontetit  in  alleys  and  courts  where  (he  applioutioii  uf 
the  hose  ia  often  required.  It  i.s  elastic  in  summer  without  being  soft, 
and  hard  in  winter  without  being  brittle,  "  Not  affording  any  escape  to 
the  ttrrrestrial  heat  through  joints,  they  [the  pavements]  are  kept  warm 
iind  open  from  bi-lnw  it]  most  cases  when  block-pavetnents  pres<mt  an  icy 
aurfave.  Their  sinootli,  scatidess  face,  being  almost  entirely  frito  from 
abrasion  by  attrition  or  atmosphorio  action,  meets  tho  mechanical  and 
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faygifinic  objoctions  to  block  pavements,  both  of  stone  and  wood, 
as  of  macads mixed  roads.  The  asplmUtitn  jiHvemr^iit  is  clcAii,  uid  fit  C 
traflic  a  few  hours  after  being  laid,  while  new  or  repaired  »tOD0  roadw*. 
must  be  covered  for  months  witli  hea\'j  layers  of  sand,  to  lie  drifted' 
the  breeze  in  dry  weather  and  added  to  the  mud  in  rainy  apeU&.  RepA 
can  be  made  to  the  usphaltuni  pa^  enient  in  dry  dayai  of  n  culd  winter*  wfa 
with  stone  pavements  any  defects  must  be  endured  until  sj>rtiig-,  .  , 
The  popularity  of  tliis  pavement  in  the  two  largest  citieJi  of  Enrol 
where,  with  imnientte  traific  and  most  extensive  experience  on  the  re 
iive  value  of  pavomenta,  the  demands  on  the  municipal  authorities  i 
inexorable,  servesAd  a  proof  that  smouthnessof  surface  <do<iA  not  ou— < 
danger  uitli  this  material."  '  ^M 

The  kind  of  pavement  here  alluded  to  is  made  of  the  ininenl  u|li 
turn,  a  porous  limestone  foutid  in  the  V^al  dc  Travers,  Sn'itaerhknd,  a 
known  as  the  SeyB84^1  or  Neufchutel  asphaltii^  rook.  It  is  a  very  diffen 
thing  from  tlie  asjthalt  concrete  whieh  is  nmde  by  mixing  bitunteo 
Band,  cinders,  coarse  gravel,  or  broken  stonea.  These  concrete-pave 
as  at  first  maile,  were  u  cojnplete  failure,  their  composition  bein^  : 
would  not  withstand  the  tnHuenct;  of  the  heat  of  summer.  During 
season  of  the  year  they  beconiu  soft  and  sticky,  and  hemie  (he  tHu 
"poultice"  pavement.  A  great  improx-ement,  however,  has  been  gj 
in  this  kind  of  pavement,  so  that  now  a  very  good  article  can  be  pra^| 
at  comparatively  smalt  cost,  which  is  especially  applicable  to  back-oovr 
alley-ways,  and  amall  streets  upon  which  the  traflic  is  light.  It  is  qui 
durable,  non^absorbent,  and  can  be  cleansed  with  the  least  difficulty. 

A  great  many  kinds  of  patent  concrete  pavements  liave  been  intr 
duced  in  the  L'nited  States,  and  as  most  of  lliem  were  wi)rtht<«»s,  the  re 
utation  of  the  genuine  asphalt  pavement  has  suffered  in  conseqnenc 

The  asphaltic  rock  Is  a  native  limestone,  composed  of  pure  carh 
of  lime  in  combination  with  more  or  less  tvugb  bitumen.     The  Tyril 
Seyssel  rock  contains  from  G  to  8  pi'rci>nt.  of  bitumen,  and  that  Icno 
the  NeufehiUel  asphalt  as  much  as  from  11  to  Vi  per  cent.,  a  pro|ii 
considered  very  favorable. 

"When  the  rock  is  heated  to  near  300''  F.,  it  cnmiblwa  into  a  in 
bruwn  powder,  which,  when  compn^ased  in  a  mould  and  allowed  toj 
re<'«vcr3  its  origin.il  hardness  and  appearance.     If  the  hot  powder,  ir 
of  being  placed  in  a  uiuuld,  be  spreail  about  two  inches  thick  on  a 
foundation,  and  pressed  or  packed  by  a  hard  jKMtU  or  rollt^r,  and 
to  cool,  the  surface  will  i  nimedtately  solidify,  forming  a  crust  idenlio 
the  original  rock.^     The  foundation  should  be  a  sub.tlanUal  orw, 
ordinary  concrete,  which  is  composed  uf  crumbed  stone  and  ceroenll 
should  lie  perfectly  dry  l>cfore  the  hot  ptiwdi!r<>-d  rock  ts  placed  ujMfl 

A  fair  substitute  la  made  by  mixing  firahamite,  a  solid  hydr 
found  in  West  Virginia,  with  the  80-cdI1(h]  Trini<lad  uspbalt,  aiul  r<H 
ing  this  compound  with  calcareous  sand  or  carbonate  of  liinr.     TbisJ 
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stitutc  for  the  Seysael  or  Neufchatel  rock  is  greatly  inferior  to  it,  but  tt 
hu  wIvaiita{;os  which  will  make  it  serviceable  for  roadways,  provided  it  ia 
alw&yii  placed  upon  a  good  concrete  foundation  capable  of  resisting  the 
pressure  of  heavy  vehiules. 

The  waste-waters  from  houses  are  fr<?<piently  discharjj^ed  into  the 
street-gutters,  and  left  there  to  create  a  nuisance  or  to  tliid  their  way  into 
the  nearest  sewer-opening.  This  liquid  refuse  is  composed  nf  animal  and 
vegetable  substances,  which  rapidly  putrefy  under  favorable  circum- 
stances. In  courts  and  back  streettf,  where  the  dwellings  are  frequently 
unprovided  with  undei^ound  drainage,  ch umber- slops  often  fonn  an  in- 
gredient of  this  mixture.  Says  Dr.  Simon:  *'  Such  refuse,  at  its  worst,  is 
a  very  condensed  form  of  sewage,  and,  even  at  its  best,  is  such  as  cannot, 
without  nuisance,  be  let  loiter  and  soak  by  the  wayside,*^  It  is  therefore 
of  the  highest  importance  that  street -gutters  should  bo  constructed  with 
a  view  of  proviiling  rapid  and  thorough  drainage,  and  be  made  of  imper- 
vious material,  so  that  during  the  passage  of  the  liquid  filth  or  the 
obstruction  of  its  How,  not  a  particle  of  it  shall  soak  into  the  underlying 
soil. 

Street  inlets  should  be  placed  at  frequent  intervals  to  carry  off  the 
rainfall  and  surface-drainage  before  any  accumulation  can  take  place. 
These  openings  to  the  sewers  sltould  be  provided  with  catch-basins  to 
intercept  mud  and  road  detritus,  winch  ituist  otherwise*  pass  into  the 
sewer  and  cause  obstructions.  The  inlets  should  be  trapped  with  a  good 
water-seal,  and  their  mouths  should  be  protected  with  a  substantial  iron 
grating,  to  prevent  the  entrance  of  any  foreign  substances  other  than 
those  suspended  or  held  in  solution  in  the  surf  ace- water. 


Stj-eet  Cleaning t  etc. 

The  cleansing  of  the  public  ways  has  an  importance  which  cannot  be 
too  highly  estimated.  It  affects  the  comfort  of  every  individual,  and  ex- 
erolaes  an  important  iniluenee  upon  the  public  health. 

The  work  of  street-cleaning  is  performed  either  by  contract  under  the 
direction  and  sujK^rvision  t<f  the  town  officials,  or  by  persons  in  the  direct 
employ  of  the  local  government,  in  which  case  it  is  conducted  as  a  special 
senice  or  departmetit,  tfie  "plant,"  horses,  storehouses,  etc.,  being  the" 
property  of  the  town.  Both  plana  may  be  united,  as  is  the  case  in  Paris, 
where  the  removal  of  the  dirt  and  the  furnishing  of  the  horses  and  drivers 
for  the  sweeping-machines  are  stipulated  for  under  contract,  and  the  rest 
of  the  work  is  done  by  the  department  itself.  Either  of  these  latter  plans 
is  to  be  preferred  to  the  contract  system,  as  experience  has  proved  that 
they  insure  more  thorough  and  reliable  work.  Thoy  may  appE^ar  to  be 
more  expensive,  but  lliis  can  hnrrlly  be  the  case  if  the  amount  and  quality 
of  the  work  are  taken  into  consitlerntiou.  The  citv  ought  to  save  the 
profits  of  the  contractors.  An  honest,  rigid,  and  intetligent  conduct  of 
the  work  ought  to  secure  economy,  besides  other  advantage)). 

All  the  public  ways  should  be  Mmltitained  in  ii  Mwrow*'//*/)/ clean  con- 
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dition  at  all  tiroes.  To  this  end  a  daily  cleansing  mar  be  nocesaa 
es|>coi&lly  in  localities  teeming  nith  population  or  where  traffic  la  hra' 
In  Irss  populated  localities,  and  in  parts  of  the  town  when?  tho  atrect&j 
Tiot  niue.h  used,  a  Irsa  frcqiiont  cleansing  may  suffice.  This  musijj 
termined  by  local  circumBtanc<'s. 

The  time  at  which  t!»c  work  kIiouM  be  performed  will  also  be  infld 
by  conditions  of  ]>lace.  In  larg-e  towns  o  certain  portion  of  the  wt 
should  be  di^ne  outside  of  the  ordinary  business  hours  of  the  day.  tn 
localities  whore  the  streets  are  occupied  by  traiBc  and  arc  much  frequeni 
by  the  inhabitants,  not  only  the  comfort  of  citizens,  but  also  tht*noce«sil 
of  the  casp  demand  that  all  cleansing'  operations  shall  not  be  comment 
until  the  daily  activities  have  ceased,  and  thai  they  shall  be  contple 
early  in  the  morning,  not  later  than  0  o^clock.  In  Paris,  under  tho  r 
regime^  the  general  sweeping  of  the  entire  Rity  is  effected  between 
hours  of  3  A.M.  and  (t  a.m.  in  the  summer,  and  between  4  a.m.  and  7  4 
in  winter.  The  wagons  for  removing  the  products  of  the  sweepini 
for  collecting  the  household  refuse,  are  brought  upon  tiie  groundil 
termination  of  the  sweeping,  and  remove  all  accumulated  mater 
tween  the  hours  of  f>  a.u.  and  8  a.u.  in  summer,  and  iK'twrwn  7  a.m.  i 
9  A.M.  in  winter.  The  workmen  emploveil  during  thc&e  early  uiom 
hours  are  engaged  during  the  re^t  of  the  day  in  making  supplement, 
sweepings,  wherever  needed,  and  in  cleansing  the  gutters  (repeated  tw 
a  da}'),  in  washing  out  the  public  urinals,  in  disinfecting  and  sprinki 
the  streets,  and  in  cleansing  the  cells  of  the  police  station^  eto.  T 
supplementary  work  should  be  completed  by  4  p.m.,  but  it  is  soroeiii 
prolonged  later  in  tho  day,  principally  in  had  seasons,  on  accounts 
extra  work  required,  such  as  tho  spreading  of  sand  or  gravel  on  stc 
slippery  streets,  and  the  special  sweepings  in  front  of  eertairi  p< 
buildings. 

in  parts  of  the  town  devoted  to  business,  the  sweeping  operation*  v 
be  advantageously  conducted  during  the  night,  but  in  seotions  wha|Aj| 
people  reside,  no  work  of  this  kind  should  be  permitted  <luringJ^| 
allotted  to  rest  and  sleep.  The  noise  created  by  the  operations  Is  a  vn 
cient  reason  for  strictly  prohibiting  all  such  work.  The  early  ho 
the  morning  may  !>«  suitably  selected  for  the  iwrformance  of  the 
the  populous  partsof  the  town.  In  other  liH*a1ities,  such  as  the  onj 
of  the  cit^',  there  can  be  Jio  objection  to  sweeping  operations  being  o 
ducted  during  the  entire  day,  the  force  and  apparatus  employed  in  1 
central  parts  of  the  town  in  the  early  morning  being  iransferred  to 
sections  during  the  remainder  of  the  day. 


jStreet-nweepiufj  ATac/iint*. 

To  secure  systematic,    regular,   and    cfTieient    work,    the   whc 
should  be  divided  into  sections,  and  a  given  number  of  laborers, 
ing-maehines,  and  carts  for  removing  the  products  uf  sweeping,  shouM 
assigned  to  each  section;  tlie  number  required  for  i.loing  the 
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erly  vrithin  tho  given  hours  being  cssiLy  and  accurRtol}'  detemiinod  after 
a  Httle  oxporieiico.  The  Hlrects  should  be  divided  inUi  roules,  mid  a 
cart  assigned  to  eaoli  route,  so  that  the  rtinuval  v(  th<;  colleett'd  dirt  of 
the  entire  town  may  take  placo  within  the  prejicribed  houni.  All  these 
details  can  be  arrangod  with  the  greatest  pn*eisioii,  if  the  work  is  regularly 
prosecuted  under  intelligent  supcrvisiou. 

The  employment  of  machinery  for  sweeping  the  streets  is  no  longer  a 
matter  of  experiment.  The  great  value  of  these  accessary  appliances  Uiis 
been  fully  and  satisfactorily  denioustrated.  No  city  can  afford  to  dis- 
pense with  their  services.  With  their  aid,  the  frequent  cleansing  of  a 
large  city  is  no  longer  considert-d  impracticable.  The  two  principal  kinrls 
of  apparatus  in  use  are  the  sweeping  and  loading  machine,  and  the  sim- 
ple side-sweeper.  The  former  sweeps  the  dirt  into  a  box,  or  receptacle, 
connected  with  the  ap|Wkratus,  which,  when  full,  can  he  emptied  and  re- 
placed by  the  use  of  a  simple  euntrivance,  without  tho  driver  getting  off 
the  machine.  The  latter  sweeps  the  dirt  into  a  winroxv,  which  at  each 
subsequent  passage  of  the  machine  is  pushed  further  to  one  side,  and  is 
thus  progressively  swept  to  the  gutter  of  the  street,  where  it  ih  made  up 
into  heaps  to  be  rartetl  away.  In  Paris  the  systems  of  M.  filnt  ^nd  M. 
Sohy  are  in  use,  both  one-horse  side-swooping  machines.  They  arc  sin»- 
ple  in  their  ctmstruction  and  in  their  functions.  They  are  composed  of 
a  framework  upon  two  wheels  drawn  by  a  single  Itorso,  and  having  a  seat 
for  the  driver.  On  the  rear  of  the  machine  is  found  the  sweeping  appa- 
ratus, which  is  eom|>osed  of  an  inclined  roller  armed  with  bristles  of  pia^i' 
flura  set  in  a  spiral  form.  The  brush  receives  its  rotary  movement  by  a 
series  of  gears  in  communication  with  one  of  the  wheels  of  the  frame. 
By  means  of  a  system  of  levers  the  driver,  from  his  seat,  puts  tlie  sweej)- 
ing-brush  in  operation,  or  stops  it,  at  will. 

The  machines  are  employed  in  all  kinds  of  weather,  and  us  well  upon 
ordinary  stone  pavements  as  upon  the  macadamized  roads  and  asphalted 
areas.  Tlie  cost  of  one  of  these  mechanical  sweepers  is  two  hundred  dol- 
lars. The  annual  cost  of  maintenance  is  ahout  forty  dollars,  independent 
of  the  removal  of  the  piassava  brushes.  A  brush  will  d*>  constant  work 
for  a  period  varying  from  IGO  to  ISO  hours.  Each  renewal  costs  about 
fourteen  dollars.  The  weight  of  either  of  these  tnacliines  is  about  1,GS0 
pounds,  which  can  be  drawn  by  one  horse  with  case.  At  the  speed  of  a 
horse's  pace,  a  machine  is  capable  of  sweeping  AjdOO  square  metres  per 
hour,  which  corresponds  to  tho  work  of  ten  ordinary  laborers.' 

A  somewhat  similar  sweeper,  patented  by  Mr.  Kdson,  has  been  used  m 
Ikiston  and  Phila<lelphia,  with  good  results. 

Smith's  sweejK^rs,  both  the  sweeping  and  self-loading  marhino  and 
the  simple  sweeping  machine,  have  also  been  In  use  in  the  latter  city. 
They  are  serviceable  and  efficient,  and  have  proved  satisfactory  after  a 
trial  of  several  years.  The  two-horse  "  side-sweeper,"  represented  by  Fig 
87,18  the  most  effective  apparatus.     It  consists  of  a  cylinder  of  brooms 

*  IfoUoe  mir  le  nettolomeat  Je  Is  nrfe  imbUque.  Paris.  187B. 
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plBce<l  diagonally  across  and  under  the  truck.  GcBring  oonnecied  «h 
the  driving-wh«el  g-ivea  motion  to  the  broom-cylinder,  mi  thai  the  lattc 
revolves  as  the  truck  advances,  with  greater  or  leas  rapidity,  according  i 


':.m 


Pia  8T. — Smith's  two-bon*  "  Mdc-nwmpcr." 

tho  speed  of  the  horses.     The  oblique  action  of  the  broom  throws  tht 
to  une  sido  in  the  form  of  a  winrovr.     When  this  machine  is  of 
alone,  tho  dirt  thus  collected  in  rows  at  the  ftid^^  of  the  Mrrf't  or  ir 
rtiitlre   must   l>e   heaped  up  and  thrown  into  carts  hy  inanuAl  labor, 
may  be  worked  with  great  advantage  in  connection  with  the  "  swef  pin 
and  loading^  machino,*^  represented  st  Vlf^.  S8.     The  ron^ruction 


Pin.  8&— flmith's  combined  «>tfc«i-«w««ptDg  luui  lotuhnf  iniutbinc- 

uppanitus  is  very  similar  to  that  of  tho  apparatujt  aliowu  \n  F'ig.  SI 
cept  that  there  is  added  a  dirt-box,  or  receiver,  into  which  the  dirt  id 
posited  as  it  is  swept  from  llin  surfnre  of  ihe  ilreel. 

By  tho  use  of  this  eomplelo  appliance,  or  rather  combination  of  appS 
ancea,  thedtrt  can  bo  swept  and  coll<H'te<l  from  the  atrvel  surface  simu] 
taneously,  and  hy  this  means  the  objei-tinnable  small  heaps  art>  BVaid«d 
The  receivers  are  emptied  »t  oonvi-nietit  placen,  more  or  less  dititanl,  ac 
rordinjj  to  the  amount  of  soil  on  tho  streets,  ond  frcmi  thesn  platw*  o 
general  deposit  it  is  removed  in  ordinary  carts.     Uy  avoiding  tb«  Hinal 
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hcape  tbere  is  a  saving  of  time  and  labor,  antl  the  result  of  the  work  is 
more  complete  and  satisfactory. 

There  are  single-horse  machines  of,  both  descriptions,  but  those  shown 
in  Figs.  87  and  SS  are  dooidrdly  the  moat  efficient  for  or^Iiiiary  stone  pave- 
ments, especiftlly  the  cobble-titone  pavement.  Split  rattan  or  piasaava 
are  the  materials  of  which  the  brooms  are  composed. 

The  sweeping  in  dry  weather  shmild  be  preceded  by  sprinkling  of  tlio 
surface  of  the  streets  with  plain  water,  ur  with  water  impregnuled  with 
disinfectants,  when  required.  This  is  done  either  by  hand  watering-pots, 
or  by  watering-carls  provided  with  a  distributing-pipe  perforatt-d  with 
very  small  openings,  from  wliich  fine  jets  of  water  are  scattered  in  sufB- 
cient  quantity  to  allay  the  dust.  This  act  is  iniaiediately  followed  by  the 
sweeping,  and  the  dirt,  when  collected,  should  be  immerliately  removed 
while  in  the  moist  state,  to  prevent  it  from  being  scattered  by  the  wind  or 
by  passing  vehicles.  The  carta  in  which  the  stn?«t  dust  is  removed — if  in 
the  daytime — should  be  provided  with  tightly-fitting  covers  of  wood  or 
cuivofi.  The  thorough  washing  of  the  gutters  every  day,  and  the  frequent 
cleaning  ont  of  the  basins  of  the  sewer-inlets,  should  be  enjoined  as  an 
important  part  of  the  s*»rv'ice  of  town-cUansing. 

Tht  rttnovat  of'  ice  and  ifnotCj  particularly  the  latter,  is  a  difficult,  labo- 
rious, and  expensive,  but  very  important,  branch  of  the  public  service.  In 
this  country  it  is  almost  totally  ignored,  but  in  large  European  cities  this 
work  is  considered  necessary  for  the  nomfort  and  health  uf  tht*  citizt^ns, 
and  is  accordingly  required  to  be  jwrformed.  Besides  the  ititerference 
with  traffic,  and  the  inconvenience  and  discomfort  to  pedestrians,  there  is 
the  impediment  offered  to  the  regular  cleaning  of  the  streets.  Hence, 
Fiilh  collects  and  becomes  mixed  with  snow,  and  at  every  thaw  the  street 
surface  is  txjvered  with  filthy  slush.  At  the  final  melting  of  the  snow  and 
ice  in  the  spring,  the  mixed  acciimulatioas  of  weeks,  perhaps  of  months, 
are  exposed  to  view.  It  may  be  weeks  before  this  offmsive  matter, 
already  in  a  state  of  decomposition,  is  entirely  removed  and  the  streets 
are  again  restored  to  a  condition  of  clcanlinuss.  In  the  maantimu  the 
convenience,  comfort,  and  even  health  of  citizens  have  been  seriously 
compruniised. 

The  very  busy  streets  require  the  removal  of  the  snow  as  much  to 

facilitate  traffic  and  aid  locomotion  as  for  any  other  reason;  but  there  iire 

other  localities  which  demand  it  on  the  ground  of  the  preservatioi]  of  the 

public  health.     In  many  of  our  northern  cities  there  are  small  streets, 

densely  populated,  which  serve  as  the  channels  of  drainage  for  the  houses 

located  upon  them.      The  liquid  refuse  discharged  into  the  strect-gulters 

is  often  a  condensed  form  nf  sewage.     After  the  opening  of  winter,  a  mass 

of  snow  and  ice  soon  accumulates  in  these  narrow  passages,  and  its  bulk 

is  increased,  from  time  to  time,  by  the  addition  of  rubbish  and  of  snow  from 

sidewalks  and  yards.  A  ridge,  several  feet  high,  is  soon  formed  from  curb 

to  curb,   rendering  tlfb  slreet  inipassablt;  to   tlm  ash-  rih]  garhage- carts, 

■     and  hence  the  refuse  of  the  houses  is  sooti  deposited  upon  the  icy  ma.ss 

H     outside.      The  only  passage  for  the  house-water  is  along  the  sidewalks, 
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oTor  which  it  occasionally  flows  into  the  basements  of  the  adjoinl 
huuaos,  and  defiles  ih^interior  air.  The  cloansin^  of  theso  strcotA  it  r 
pffeoted  until  the  muss  of  ico  and  snow  has  thawed,  \rhich  is  not  until  t 
aprinj^  has  well  udvanced,  and  until  after  the  perpetuation  of  a  uuiMUU 
rendered  almost  intolerable  at  each  recurring  thaw.  These  mnall  stree 
though  obscurely  located,  arc  the  very  ones  from  which  the  snow  and  1 
should  bo  kept  removed,  on  the  score  of  public  health.  These  itDitaiu 
show  the  importance  of  incorporating  in  the  »trecl -cleaning  regxilatioi 
proviaions  for  the  removal  of  snow  and  ice,  at  least  from  some  localitlei 

In  Paris  the  snow  is  removed  from  the  principal  streets  by  the  us« 
the  wagons  employed  in  the  street-cleaning  arrvice,  an)l,  in  addition,  i 
the  employnieul  of  the  large  two-horse  wagons  belonging  to  tl»e  omnib 
companies,  which  are  placed  at  the  disposal  of  the  city  by  special  a^ 
mcnt.  There  are  also  other  wagons  employed,  for  which  special  contrw 
are  made  with  the  rubbish -carters  at  the  beginning  of  eaeh  winter.  T 
preparation  for  removal  ia  made  by  the  forces  employeil  in  the  stre 
cleaning  service,  aided  by  the  citizens,  who  are  obliged  to  clean  their  oii 
walks,  to  free  the  gutters  from  snow  and  ice,  and  to  heap  up  the  au 
upon  the  street  immediately  in  front  of  thoir  respective  premises  tea 
short  distance  from  the  curb  line.  ^M 

Whonthe  snow  commences  to  thaw,  the  process  ot  melting  13  faotfiH 
by  turning  on  the  public  hydrants.  The  street-sweepers  are  then  put 
operation,  and  the  slush  i»  rajiidly  swept  into  the  inlets,  whence  it  paai 
into  the  sewers,  the  temperature  of  the  sewage  favoring  the  further  tru 
formation  of  the  melting  snow  into  water.  Steam  has  been  tried  aa 
anxiliary;  but  it  has  proved  to  be  impracticable,  and,  therefore,  itU| 
has  been  given  up.  ^M 

The  annual  cost  of  removing  snow  from  the  city  of  Paris  is  WO 
#35,<.>OLt,  but  in  some  years  it  is  double  this  amount. 


Street  Sprinkling. 

The  sprinkling  of  the  surface  of  the  streets  in  the  warm  and 
Hun  conduces  both  to  comfort  and  to  health.  It  has  the  effecl  of 
the  atmosphere,  but  its  main  advantage  is  recognixed  in  settling  the  da 
and  in  preventing  it  from  being  wafted  about  by  the  action  of  the  win 
It  is  rarely  the  case  that  this  work  is  performed  by  the  municipal  authn 
ties,  though  properly  belonging  to  the  public  service.  It  is  mojt  coi 
monly  undertaken  by  private  parties,  under  the  sanction  of  the  toi 
administration,  and  the  expense  is  defrayed  by  the  occupants  of  premis 
specially  benefited  by  tlie  enterprise,  by  subscnptions  at  so  much  fnr  tl 
season.  TIic  use  of  the  public  hydrants  is  granted  free  of  cost,  Ad< 
tional  sprinkling  is  also  done  by  individuals  in  front  of  their  resp«H>ti 
premise-s,  by  the  use  of  hose  and  sprinklers;  but  this  is  very  irrogular  ai 
inconsiderable.  The  regular  sprinkling  is  perfonAed  by  ineaiiB  of  lar] 
casks  or  wooden  reservoirs  mounted  upon  wheels,  to  which  is  attached 
distributing-pipe — usually   placed   at   the    rear  cud    of    the    apjkar»tQ* 
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perforated  with  small  openings,  from  which  the  water  is  ejected  to  a  con- 
siderable diHtanc*;.  The  discharge  of  water  is  rGjfuhiTed  bv  n  lever  unrlnr 
the  control  of  the  driver.  The  Bervice  of  atreet-sprinklinp  should  be 
regulated  by  strict  municipal  ordinance,  in  order  to  prevent  abuscft.  One 
of  these  is  the  constant  wetting  of  the  flag-ittone  crossings  ;  another  and 
more  serious  one  is  the  application  of  water  in  inordinate  (juaritities, 
whereby  the  street -surface  is  made  muddy,  and  is  disfigured  with  puddles 
of  dirty  water,  especially  wherever  the  surface  drainage  is  <lefoctive. 

Attempts  have  been  made  to  improve  the  melhod  of  sprinkling— so  as 
to  avoid  as  much  as  possible  the  inconvenience  which  the  act  frerjuently 
occasions — by  the  employment  of  deliipieacent  mUs.  These  salts,  applied 
directly  or  in  solution,  tend  to  keep  the  surface  in  a  moist  state,  and 
therefore  a  less  frequent  sprinkling  is  required.  Mr.  Darcel,  chief  engineer 
of  the  city  of  Paris,  first  experimented  with  the  reiined  cblorldet  of  cal* 
cium.  Not  being  sufiieiently  soluble  fur  use  in  the  sprinkling-carts,  it 
■was  applied  by  hand-  The  effect  lasted  for  five  or  six  doys.  This  article 
being  very  exjwnsive,  the  unrefined  chloride  of  calcium,  which  contains 
Bome  chloride  of  manganese  and  is  only  half  as  costly,  was  sub!>tituted  in 
its  place.  It  was  applied  in  the  same  manner.  Although  double  the 
quantity  was  used,  the  effect  lasted  only  three  days,  and  even  then  it  was 
necessary  that  the  air  should  be  moist;  on  the  failure  of  this  condition  of 
the  atmosphere,  a  light  sprinkling  with  plain  water  was  necessary.  Mr. 
Darcel  therefore  gave  preference  to  the  pure  chloride,  but  he  remarks 
that  its  use  would  be  very  expensive. 

Mr.  Hornberg,  engineer-in-chief  of  the  public  streets  of  Paris,  also 
made  experiments  with  deliquescent  salts.  He  employed  the  pure  chlo- 
ride of  magnesium,  which  is  very  soluble  in  water.  The  salt  was  applied 
in  the  evening  in  the  dry  state  or  in  soiutiun.  The  result  was  very  sat- 
isfactory during  the  first  twenty-four  hours;  but  on  the  second  day,  a 
light  sprinkling  was  necessary;  on  the  third  day,  two  were  required;  and 
on  the  evening  of  the  third  day,  a  renewal  of  the  chloride  had  to  be  made. 
The  use  of  this  material,  even  bv  the  aid  of  the  sprinkling-carts^  was  ex- 
pensive; and  the  advantages  of  this  and  other  similar  salts  have  not  been 
sufficiently  prominent  to  justify  their  employment  in  the  place  of  the  or- 
dinary sprinkling,  which  has  the  advantage  of  refreshing  the  air  as  well 
as  of  preventing  dust.  However,  in  dry  seasons,  wiien  there  is  a  scarcity 
of  water,  recourse  may  be  had  to  these  salts  with  profit.' 


I>i$in/ect4jnt8. 

The  use  of  disinfectants  is  sometimes  required  to  prevent  and  counter- 
act the  offensive  products  of  decomposition  of  organic  matters  upon  the 
streets,  in  the  gutters,  catch-basins  of  sewer-inlets,  urinals,  etc.  Rut  in 
no  <'ase  should  theses  agents  be  used  as  a  substitute  for  thorough  cleanli- 
ness.   The  remark  of  Mr.  Simon  in  regard  to  houses  having  offensive  smells 


564 


SOIL    AND    WATER. 


m&y  also  he  applied  to  the  public  w&ys  in  a  like  condition,  that  artifib 
deodorizers  will  no  more  serve  in  the  stead  of  cleanliness  and  vvntilati 
than,  in  ref^ard  of  persons,  perfume  can  serve  instead  of  soap  and  wate 

The  agents  commonly  used  are  the  chloride  of  lime,  sulphate  of  iro 
sulphate  of  xine,  and  carbolic  acid. 

Chloride  of  linio  disengages  chlorine-gas,  which  has  the  effect  of  d 
composing  sulphuretted  hydrogen,  sulphurous  acid,  hydrogen,  the  asnna 
niacul  suits,  and  all  the  volatile  products  of  organic  decompOBitioB 
may  be  employed  wherever  urine  and  fiecal  matters  are  deposited 
for  disinfecting  foul  gutters,  inlets,  and  offensive  holes  in  badly-pATi 
streets,  etc. 

The  sulphates  of  iron  and  zinc  may  be  employed  nnderthe  same  com 
tions.  They  are  non-volatile,  and  therefore  do  not  destroy  the  offensi 
odors  produced  by  decomposing  organic  matters;  they  will,  however,  pi 
vent  the  formation  of  these  offensive  effluvia  by  their  application  to  tj 
substances  from  which  the  bad  odors  are  given  off.  The  sulphate  of  iT< 
is  a  very  cheap  article,  and  is  a  very  useful  agent  for  disinfecting'  gutt« 
and  inlets.  It  has  the  disadvantage  of  producing  a  yellow  stain  up) 
objects  with  which  it  comes  in  contact.  The  sulphate  of  rinc  is  mc 
energetic,  but  more  costly;  it  disengages  no  odor,  nor  does  it  produce  u 
stain.  It  is  used  in  Paris  in  cleaning  and  wasliing  out  the  market-hous 
and  cellars,  and  spaces  adjoining  the  market -ho  uses. 

Carbolic  acid  has  been  recommended,  buth  for  its  antiseptic  and  di 
infectant  qualities.  It  cannot  be  called  u  deodoriser,  in  the  sense  th 
chlorine  is;  and  it  is  hardly  proper  to  depend  upon  it  as  an  aerial  disJ 
feciant.  Bat  it  does  exert  a  powerful  influence  upon  the  processes 
fermentation,  which  it  arrests  and  prevenu.  As  it  drstroys  the  lo 
forms  of  animal  and  vegetable  life,  and  restrains  and  preveiita  pulndri 
tive  changes,  it  is  an  especially  valuable  agent  for  disinfectifig  urinal 
latrines,  spaces  in  anti  about  market-houses,  gutters,  public  strrctii,  ••! 
In  summer  time  it  may  occasionally  bo  applied  to  the  street*  and  guttw 
liable  to  dcHlement,  such  as  those  in  the  poor  quarters  of  the  town,  an 
around  market-houses,  slaughter-houses,  and  the  like.  It  may  Iw  applit 
by  sprinkling-carts,  in  the  proportion  of  one  part  of  the  acid  in  I/Kl 
parts  of  water.  For  the  other  purposes  indicat^'d,  it  may  be  used  tn  mjIi 
tion,  in  the  proportion  of  one  part  of  the  acid  to  *40  jiarts  of  water,  up  1 
one  part  of  the  former  to  100  parts  of  the  latter,  according  to  cii 
stances. 

Many  other  ageuts  are  in  use,  a  full  description   of  which,  tog 
with  their  uses,  will  be  found  in  the  chapter  on  Uisinfect&uts. 


3T4tf  Cl«ati8ing  of  Markft-houses. 

The  cleansing  of  the  market-halls,  and  the  iHUttutge-ways  and  Ktr 
their  vicinity,  is  a  very  important  part  of  the  sanitnr}'  administratic 
a  town,  and  should  therefore  recfive   the  imist  ininule  care.      The  im* 
rigid  regulations,  and  constant  aurveillanoo  to  compel  their  rnforoeioen! 
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will  be  required  to  prevent  the  evil  effects  from  the  decomposition  of 
vegetable  and  animal  refuse  matters  accumulated  during  each  day.  A 
daily  sweepings  and  washing'  of  these  places,  and  a  daily  and  even  more 
frequent  removal  of  the  refuse  substances,  will  be  required  to  prescr\'e  a 
perfect  hygienic  condition.  The  use  of  chlorinated  or  carbolated  water 
may  be  resorted  to  with  advantage  in  the  summer  season.  The  pave- 
ments of  the  market-halls  and  of  the  passages  and  neighboring  streets 
should  be  made  of  non-absorbent  material,  such  as  asphalt,  and  they 
should  be  thoroug'hly  drained. 

The  greatest  care  should  be  exercised  in  collecting  and  removing  the 
refuse-matters.  Galvaniied  iron  receptacles  will  be  very  serviceable  for 
this  purpose,  and  those  used  for  the  collection  of  tlio  aniniut  matters,  such 
as  entrails  of  fish  and  poultr}*,  should  be  hermetically  scaled  before  being 
removed.  Butcher's  offal,  and  all  other  substances  liable  to  rapid  putre- 
factive changes,  should  be  removed  in  the  same  careful  manner.  If  carts 
are  used  they  should  be  water-tight,  atid  should  be  provided  with  tightly- 
litting  covers.  The  offensive  practice  of  removing  these  substances  in 
open  carts,  exposed  to  the  full  influence  of  the  sun,  should  be  strictly  pro- 
hibited. 

T%e  Removal  of  Aithes  and  Dry  Refuse. 

The  removal  of  ashes  and  dry  refuse  from  houses  is  a  part  of  the 
street-cleaning  service.  These  materials,  collected  in  proper  receptacles, 
in  the  manner  already  indicated,  should  be  placed  upon  the  pavement  at 
the  moment  of  the  passage  of  the  ash-cart,  and  at  no  other  time,  lest  they 
interfere  with  locomotion  or  be  overturned  into  the  street,  and  thus  create 
a  nuisance.  They  are  immediately  emptied  into  the  a»h-cartts  and  the  re- 
ceptacles are  removed  from  off  the  public  ways.  The  asli-carts  should  be 
large,  well-constructed  vehicles,  provided  with  tiglitly-htting  wooden  or 
canvas  covers  to  prevent  the  scattering  of  the  dust  by  the  action  of  the 
wind  or  by  the  jolting  over  the  stones.  They  should  be  required  to  be 
kept  in  a  clean  condition.  The  streets  should  be  divided  into  routes,  and 
the  collections  should  take  place  at  regular  intervals,  and  as  near  as  possi- 
ble at  the  same  huur  on  the  days  of  collection.  This  will  be  a  great  con- 
venience to  housekeepers,  and  will  prevent  the  setting  out  of  the  recepta- 
cles before  the  approach  of  the  wagons.  A  daily  removal  uf  ashes  and 
refuse  may  be  required  in  some  cases,  in  others  a  bi-weekly  or  even  weekly 
removal  will  suffice.  This  must  be  determined  by  local  circumstaiioes. 
However,  the  more  frequent,  as  a  general  rule,  the  better,  \^'hen  the  re- 
fuse-matters are  very  offensive,  It  will  be  necessary  io  have  the  carts 
cleansed  and  disinfected  before  they  are  returned  to  the  public  streets. 
Suitable  depots  should  be  provided  at  convenient  distances  from  the  town, 
whore  the  refuse  can  be  deposited  and  assorted  preparatory  to  its  utiliza- 
tion. The  pernicious  practice  of  shooting  this  material  in(f!  J*unl(cn  places 
and  upon  lots  in  the  environs  of  the  town  should  be  strictly  prohibited, 
«ince  these  "fiUed-in"  places  may  become  the  sites  of  dwellings  in  the 
oear  future. 
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7%e  Jiemo^tU  of  Kitchen^garbafft. 

The  removal  of  kitcheii*garbaj;e  is  also  a  branch  of  the  8tTeet>cl6&nt 
service,  anrl  on«  wliieh  requires  the  minutest  caro  in  it*  organization  a 
u<Iiiiinistralioii.  This  itiuieriai  should  be  takoii  away  daily.  There  o 
be  no  deviation  rroin  this  regulation  in  the  summer  season.  The  manai 
ment  of  the  g-arbagc- vessel  upon  the  prcinisea  has  already  been  describe 
Drained  of  its  liquid  contonts,  it  is  delivered  to  the  collector  at  the  n 
mexit  of  hie  arrivnl,  which  in  announced  by  the  ringing  of  a  tjell.  T 
receptacle,  promptly  returned^  should  be  immediately  cleansed  b^| 
being  used  for  fresh  deposits.  ^| 

The  same  regularity  and  Kystemntic  management  are  required  in  r*^ 
to  the  garbage-carls  as  has  been  shown  to  be  necessary  in  the  ciise  of  l 
ash-carts.  They  should  be  const ructerl  In  the  best  possible  niann< 
They  should  be  water-tight;  and  the  interior  should  be  coated  with  sen 
impervious  material,  to  prevent  absorption  of  the  liquids.  Tightly-fittii 
covers  should  be  provided,  to  prevent  t!ie  escape  of  offensive  nUora 
the  spilling  of  any  of  the  contents.  It  is  of  the  greatest  importance  tii 
these  vehicles  should  be  thoroughly  washed  out  and  disinfected,  to  pi 
vent  them  from  becoming  offensive.  Instead  of  the  garbage-carts,  m~ 
light  receptacles,  about  the  size  of  a  barrel,  may  be  used  ami  iransjMtrt 
upon  a  truck.  Kuch  receptacle  is  provided  with  a  tightly-fitting  can 
which  is  adjusted  to  a  rubber  gasket,  and  firmly  fixed  by  means  of  clam] 
Such  receivers  are  now  used  for  tho/emoval  of  night-soil  without  offiyj* 
They  are  more  easily  handled  and  cleansed,  and  have  a  great  advantaj 
in  the  case  of  large  establishments,  such  as  hotels,  restaurants,  c>tc. 
materia]  need  not  be  disturbed;  the  entire  cask,  when  full,  is  seals 
and  removed  to  the  truck,  and  an  empty  one  left  in  its  place.  Tb< 
terial  should  be  removi;d  beyond  the  environs  of  the  town,  to  be  diaposi 
of  according  to  circumstances.  It  is  often  utilized  by  feeding  it  to  twin 
or  by  tioiivertiog  it  into  a  compost. 


The  D^ifilemetit  of  Open  /^KKta  in  7h%en4, 

The  defilement  of  open  spaces  and  vacant  lots  in  towns  and  citiea  I 
re  fuse- matters,  dead  animals,  sta,gnant  water,  house-slops,  fercal  mattr 
etc.,  is  of  frequent  occurrence.  Tiie  refuse-matters  from  houses,  tnkle 
manufaotorieSf  the  street-sweepings,  garbage,  and  the  like,  are  depotiie 
upon  these  spaces  in  the  environs  of  towns,  for  the  want  of  other 
venieut  places.  The  most  stringent  regulations  and  the  most  cob 
watching  are  required  to  prevent  such  nuisances  from  being  perpcti 
It  is  generally  the  fault  ut  the  town  authorities  in  nut  providing  de 
tories  for  waste -matters,  which  must  of  necessity  bo  earriod  out  of  tli 
populous  districts.  In  the  warm  weather  these  matters  undergo  ri 
position,  and  pollute  the  surrounding  atmosphere.  The  doil  alao  is  < 
by  soakagc,  favored  by  the  rainfall;  and  the  well-water  of  the  ncig 
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hood  is  exposed  to  the  risk  of  contamination.  Rain>water  collects  in  the 
depressions  of  the  surface,  and,  polluted  by  oozings  from  the  foul  acourau- 
latiuns,  it  takes  on  a  still  more  offensive  character  from  exposure  to  the 
hot  rays  of  the  sun.  Sickness  in  the  neighborhood  is  often  attributed  to 
these  conditions,  and  with  reuitun. 

But  it  is  not  only  upon  the  outskirts  of  towns  that  these  nuisances  oc* 
cur.  The  vacant  lots  in  tlie  mure  pcipulatcd  parts  arc  also  converted  Into 
depositories  for  all  kinds  of  filth.  At  times,  when  unobserved,  people 
deposit  upon  these  open  spaces  a.iiie$,  garlMijj^e,  slops,  refuse  uf  all  kinds, 
and  even  fiecal  matter.  'Hie  efihivtu  frum  these  places  render  impure  the 
air  of  the  neighborhood;  and  the  drainage  affects  the  soil  under  and  about 
the  adjoining  housei;. 

To  prevent  these  nuisances,  there  should  be  provided  well-selected  de- 
positories for  all  refuse-matters  of  a  putresciblo  nature;  the  inclosing  of 
all  open  sjMLces  withiit  the  populous  parts  should  be  rH<pure<l  ami  enforced, 
90  as  to  prevent  access  for  improper  uses;  ordinances  prohibiting,  under 
penalty  of  a  fine,  the  improper  disposal  of  n^fuse  shouhl  bo  made  oper- 
ative; and,  most  of  all,  a  well-ordered  and  complete  system  for  removal 
of  all  refuse-matters  should  be  provided,  so  as  to  avoid  the  necessity  of 
infmctions  of  sanitary  rules. 

The  (lejUemcnt  of  the  rttr/itce  in  towns  and  cities,  bt/  urine  and  even 
/leciU  nuttt^r,  is  not  an  uitcommon  oocurrenoe.  Where  proper  conveni- 
ences are  not  at  hand,  alley-ways  and  by-places  are  frequetLtly  made  use 
of  by  persons  for  the  ]>urpose  of  attending  to  the  wants  of  nature.  In 
parts  of  the  town  populatei)  by  the  poorer  classes,  f;ccal  matter  as  well  as 
urine  finds  its  way  into  the  small  streets,  courts,  and  alleys,  generally  on 
account  of  t^ic  shaniefn!  want  of  proper  conveniences  in  the  rlwt'llings.  Tci 
prevent  these  nuisances  from  being  created,  the  municipality  should  rwquiro 
every  house  to  be  providetl  with  stiitablc  water-closets,  and  cause  to  be 
erected  in  proper  places,  puljHc  water-closets  or  privy  conveniences  and 
urinals.  AucounntKlatiuiis  of  this  kind  are  very  rarely  provided  in  this 
country,  simply  for  the  reason  that  thei-c  exists  a  strong  popular  disgust 
for  anything  that  may  partake  of  the  nature  of  immodesty.  Another  ob- 
jection sometimes  urged  against  these  places  is  that  they  are  liable  to 
become  offensive  public  nuisances.  Such  may  bo  the  case  wliere  there  is 
a  want  of  proper  care.  Both  of  these  objections  may  be  easily  over- 
come by  properly  locating  the  "  conveniences,**  and  so  constructing  them 
that,  while  they  are  easily  accessible,  they  afTord  a  screen  from  public 
view  and  privacy  to  those  who  enter  them;  and.  further,  by  carrying  out 
a  thorough  system  of  inspection  and  cleansing,  so  that  these  resorts  sliall 
never  remain  unserviceable  or  in  a  Hlthy  condition. 

These  accommodations  are  reijuisite,  not  iirdy  iw  a  means  of  promoting 
public  cleanliness  and  decency,  but  also  of  contributing  to  public  comfort 
and  uf  preventing  needless  suffering,  and  even  disease.  They  are  esfx^olally 
required  in  mueh-frequented  localities.  They  should  be  simple  in  their 
construction,  well  lighted,  and  well  ventilated,  and  managed  with  the 
most  scrupulous  care,  so  as  to  maintain  perfect  cleanliness  and  freedom 
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from  all  ofTensivfl  odor.  In  nortliom  towns  it  will  be  neoanarjf  in  dw 
winter  season,  to  cut  off  the  supply  of  water.  In  ita  stMui,  fr««h  »»■ 
dust   is  sometimes  used  in  the  urinaUbasins. 


SurJ'ace  D^tement  in  Snutfl  Totrns  and    VtUagea, 

In  small  towns  and  villages,  the  ahiK^nci^  of  undf  rground  drain^ttl 
the  want  of  systcmatio  disposal  of  rt^fuBO-matters  frequontly  give 
serious  nuisances.  The  house-slops,  which  consist  of  kiteheu-watrr, 
urincj  and  of  iho  foul  wiishinga  of  (lie  ptx^nuM-M,  are  often  either  th 
upon  the  surface,  or  allowed  to  flow  into  ditchej*  or  open  channels  upo« 
the  roadway,  from  whidi  they  souk  into  (he  ground,  or  are  4Ji«rKarg«d 
into  the  nearest  water-course.  The  house-refuse  is  often  aorumulat«d 
upon  the  premises,  or  is  thrown  into  the  public  road.  Kxcreta  jdso  {|» 
quently  form  a  part  of  the  contents  of  the  ash>pit  placed  near  the  boaife 
Frum  all  these  sources,  there  is  constant  danger  of  pollution  of  air,  grotowi 
and  water. 

The  chance  of  surface  impurities  glutting  into  the  water  of 
(which  are  usually  located  close  to  the  houses)  is  very  great. 
more  particularly  the  case  when  shallow  wells  aris  used.  The  , 
water  fr«)m  the  ground  of  a  oonsidcrahlc  area  about  the  well  will , 
toward  it,  and,  if  the  surrounding  soil  is  constantly  saturated  with 
the  water  Itself  will  necessarily  be  very  impure.  It  sometimes  happoaa  I 
nith  accutnulitted  upon  the  surface  of  the  gmund  i.s  w&shed  directljr  into 
the  well.  The  water-supply  is  sometimes  taken  from  sniall  streams  pol- 
luted by  soakings  or  by  surface-washings.  Underground  water-cist 
if  not  well  cemented  and  protected  by  good  coping-stones,  ma/ 
liable  to  contamination  from  surf  ace- washings  and  soakage  as  arditi 
wells. 

Another  source  of  surface-defilement  in  villages  results  from  bad  priry 
management.  The  fn?^'al  matter  is  often  deposited  upon  the  imtumi  suf* 
face  of  the  ground  or  in  a  supei-ficial  hole,  whence  the  fluid  Hltli  drmiits 
away  into  the  soil,  or  overflows  upon  the  surfacA.  This  niniincr  of  ac< 
mutating  oxcremental  matter,  with  its  attendant  efDuvia  and  soakir 
very  liable  to  give  rise  to  a  serious  nuisance,  by  infecting  the  atmosph 
and  contaminating  the  water-supply. 

In  addition  to  these  sanitary  defects,  so  common  in  Tillages,  iboivsn' 
others  which  arise  from  the  keeping  of  animals  in  situations  close  to 
houses  and  the  sources  of  the  water-supply.  Horse- stables,  cattle-shr 
pig-pens,  manure-heaps,  are  often  badly  managed  and  ill-cared  for.  11 
location,  contiguous  to  dwellings,  is  of  itself  a  nuisance,  but  lli  ~ 
outflows  upon  the  natural  surface  or  soakago  luto  the  soil  of  1< 
from  neglected  accumulations  of  refuse-matter,  when  in  close  proUB 
to  human  habitations,  must  of  necessity  prove  injurious  to  health. 

The  public  roads  of  vIllugeH  are  too  often  only  coiumon  dirt-roads  i 
open  ditches  at  the  sides  to  afforii  drainage.  Uefuso  thrown  upon 
surface  mixes  with  the  dust  or  iniul.  and  is  left  to  defoni|x»e. 
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cleansing  receives  but  little  attention.  The  shallow  ditches,  which  wore 
properly  intended  to  carry  off  the  surface-water,  arc  frequently  resorted 
to  for  getting  ridof  house-slops,  which  are  carried  over  the  surface  lo  the 
ditches,  or  are  conveyed  inV>  them  by  badly-laid  and  open-jointed  drains. 
The  outlet  to  such  of  the  contents  of  the  road-ditchos  as  does  not  soak 
into  the  ground,  is  either  into  some  small  neighboring  stream,  or  into  field- 
ditches  near  the  village.  It  is  needless  to  speak  of  tbe  consequences 
which  must  arise  from  this  |>erniciou9  plan  of  drainage. 

The  problem  of  ri^ral  sanitation  is,  from  the  very  nature  of  the  case, 
difficult  of  solution.  Villages  sprijig  up  without  regulation.  At  first, 
the  houses  arc  scattered,  and  surrounded  by  a  wide  space,  and  there  is  no 
difficulty  in  disposing  of  the  liquid  and  solid  refuse  upon  the  premises. 
But  in  time,  the  houses  become  crowded  together,  and  the  spaces  attached 
to  them  are  then  insufficient  to  properly  dispose  of  tlie  refuse  matters  pro- 
duced upon  the  premises.  The  evils  arising  from  the  Improper  disposal 
of  waste  matters  gradually  become  more  and  more  apparent,  until  at  last, 
by  some  unusual  occurrence,  most  likely  an  outbreak  of  epidemic  disease, 
they  attract  public  notice. 

It  is  then  a  matter  of  the  greatest  difficulty  to  remedy  the  errors  of 
the  past.  The  location  is  often  such  as  should  never  have  been  selected. 
The  houses  are  often  ill  arranged,  destitute  of  proper  conveniences,  and 
many  of  them  unstittcd  for  dwellings.  The  sanitary  defects  which  have 
been  described,  exist  in  all  their  forms.  There  may  be  a  total  absence 
of  public  drainage  and  of  public  scavenging,  the  accumulations  of  refuse 
being  stored  upon  the  separate  premises,  or  removed  according  to  the 
option  of  the  IndiviiluaS  householder. 

The  first  thing  to  be  done  in  the  direction  of  improvement  will  be  the 
organization  of  a  sanitary  board,  which  should  be  clothed  with  ample 
powers,  and  it  may  be  necessary  to  apply  to  the  legislature  for  acts  by 
which  the  #rors  of  the  past  may  be  In  a  measure  corrected.  As  a  rule, 
the  improvements  to  old  buildings  will  nocossarily  be  limited,  but  all  new 
buildings  will  be  subject  to  sanitary  provisions.  Public  improvements, 
such  as  sewers,  water-supply,  refuse -removal,  road-mncadamizing,  ought 
lo  be  introduced;  but  here  the  question  of  expense  is  generally  the  ob- 
stacle in  the  way  of  progress  and  sanitary  reform.  The  limited  number 
of  houses  in  villages  in  comparison  with  the  ex|>ense  of  these  public  works, 
makes  the  cost,  per  head,  far  greater  than  in  towns,  and,  as  the  taxes  are. 
considered  already  sullictently  onerous,  there  Is  little  disposition  on  the 
part  of  the  people  to  increase  their  burdens,  even  though  with  the  pros- 
pects of  adding  to  their  comforts  and  improving  their  health.  Hence  the 
reason  for  the  slow  progress  of  sanitary  improvements  In  villages,  even 
irt  those  of  considerable  size,  and  in  small  towns. 

In  most  vlltages,  except  those  of  very  considerable  size,  or  where  the 
garden  space  is  very'Iimited,  a  system  of  public  scavenging  will  hardly 
bo  deemed  necessary,  the  facilities  for  disposing  of  refuse  matters  upon 
the  premises  generally  being  ample.  RMhbiah  and  garbage  can  bo  gotten 
rid  of  by  fire,  or,  if  not  utilized  upon  the  premises,  can  be  disposed  of 
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with  in  villages,  will  answer  the  purpose  very  well.  A  proper  garden 
space,  located  sonic  distance  from  tho  lioiise  and  the  source  of  water- 
supply,  will  be  reqiure<l,  and  care  will  have  to  bf  taken  that  tho  main 
drain  winch  conducts  the  sewage  to  tl>e  soil  lu  be  irrigaietl,  is  of  proper 
material  anil  well  constructed. 

In  alttiost  all  vil1age.n  the  slop- water  is  disposed  of  )>y  a  system  of  sur- 
face* drain  age,  which  often  gives  rise  to  a  serious  iiuigance.  The  plan  of 
subsoil  irrigation,  just  aliudetl  to,  has  been  recommended,  by  ilr.  Moule, 
Colonel  Waring,  and  others,  as  the  best  solution  of  the  difficulty.  Its 
practichl  ap[ilicat ion  has  recently  been  tested  in  the  villago  of  Lennox, 
Mass.,  "where  a  f)ush-tank,  having  a  capacity  of  live  hundred  cubio  feet, 
periodically  delivers  its  contents  through  a  system  of  about  ten  thousand 
feet  of  two-inch  tilQ  tying  twelve  inches  below  the  surface,  and  which  ha» 
an  uncemented  joint  at  every  foot  of  its  length."  Recording  to  t'uliuu-1 
Waring,  under  whoso  advice  and  supcrvisitjn  tho  wiirk  has  been  carrietl 
out,  the  results  have  been  entirely  satisfactory.  This  general  plan  of  dis- 
posal of  village  slops  may  bo  substituted  for  the  ordinary  acwenige-systeni^ 
with  the  advantage  of  creating  no  nuisance  at  the  outfall.  The  liquid  re- 
fuse engendered  ou  separate  premises  may  be  dealt  with  «ftiT  this  same 
manner,  whenever  there  is  ample  garden  space  at  hand. 

Various  other  plana  have  been  suggested  for  the  disposal  of  slop-water. 
One  of  these  is  that  devised  by  Dr.  Bond,  which  consists  in  the  use  of  a. 
precipitating  tub  tmd  fdter  for  clarifying  the  liquid  refuse  befon;  allowing 
it  to  flow  off  upon  the  surface  of  the  ground  or  into  the  open  gult«r. 
Dumb  wells  are  sometimes  used;  hut  they  are  not  tu  be  reeoniinended  as  a 
safe  means  of  dispiisal  of  the  slop-water  nf  villages.  For  a  few  cottages 
thia  plan  will  be  satisfuotary,  pn>vided  the  well  l>e  located  far  away  from 
all  sources  of  water-supply.  To  carry  it  out  successfully  the  soil  should 
be  of  a  porous  nature,  so  as  to  permit  the  slop-wator  to  gradually  soak 
into  its  pores.  A  full  exposition  of  the  subjetn  of  disposal  of  the  slop- 
water  of  villages  will  be  found  in  a  brochure  recently  published  by  Dr. 
Fox,  to  which  reference  may  be  made.' 

The  roadways  of  villages  should  be  macadamised,  or  made  of  coarse 
gravel,  so  as  to  furnish  a  good  surface  for  traffic,  and  afford  free  drain- 
age. The  gutters  should  bo  constructed  with  particular  care,  since  a 
large  amount  of  slup-walcr  will  be  discharged  into  them.  A  very  gotKl 
form  of  guttt^r  is  made  of  stone  laid  upon  concrete.  It  haa  the  advantages 
of  being  easily  cleaned  and  of  preventing  soakage.  Superticial  drains, 
made  of  terra-cotta  pipe,  and  provided,  at  intervals,  with  catch-pita,  are 
very  satisfactory.  They  keep  the  surface  dry,  prevent  accumulations  of 
slop-water  in  the  gutters,  with  the  attendant  elHuvia  and  aoakings.  If 
the  roadbed  is  kept  in  good  order,  and  the  surface  is  cleaned  at  frequent 
intervals,  and  the  deposits  in  the  (a.tch-pits  am  rogulHrly  cleaned  out,  there 
will  be  but  little  danger  of  obstructions  forming  in  the  pipes.  Should 
such  occur,  iho  expense  of  lemoving  them  will  bo  iucansiderablei  as  the 
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The  accumulations  of  feecal  matters  in  courts,  alleys,  and  confined 
plsces,  are  said  lo  have  the  same  injurious  eflfects  as  sewer-air.  The  efflu- 
via from  such  accumulations  are  less  liurtful  in  proportion  to  the  amount 
of  atmospheric  dilution. 

The  use  of  fa?cal  matters  for  manure  is  not  generally  considered  to  bo 
injurious  to  health.  When  turned  under  the  surface,  these  matters  soon 
lose  their  offensivencss,  on  account  of  the  absorbing  and  deodorizing' 
powers  of  the  earth.  As  Ims  already  been  seen,  the  evidence  against  the 
influence  of  sewage-farms  in  the  production  of  disease  is  very  strong. 
Some  few  instances  have  been  recorded  in  which  the  spreadinguf  excreta 
upon  the  ground  for  agricultural  purposes  has  been  followed  by  sickness 
attributable  to  ficcal  emanations;'  but  these  cases  are  not  sufficiently 
numerous  to  warrant  a  general  conclusion.  In  China,,  where  all  fa'cal 
matters  are  carefully  stored  and  applied  to  the  soil,  there  is  no  evidence 
that  evil  efffcts  have  been  prtxluced  by  tho  jjrartirc.  In  the  villages,  the  air 
is  often  redolent  with  fa^al  odors;  yet  no  disease  Ukely  to  arise  from  such 
effluvia,  such  as  typhoid  fever  or  dysentery,  has  been  traced  to  this  cause.' 

However  strong  may  be  the  evidence  against  the  deleterious  effects  of 
applying  human  excrement  to  the  ground,  common  prudence  reqnirpsi 
that  the  practice  should  l>e  limited  strictly  to  rural  districts.  The  apjdi- 
cation  of  decomposing  excreta  to  the  surface  is  an  exceedingly  offensive 
operation,  and,  unless  tho  material  is  speedily  mixed  with  the  earth,  it  will 
cause  a  further  annoyanee,  and  jjossibly  be  damaging  to  the  health  of  ihe 
people  living  in  the  neighborhood.  The  pn»ctien  of  using  fiecal  matters 
as  a  manure  for  truck  patches  in  the  environs  of  towns,  which  are  more  or 
less  populated,  and  where  the  water-supply  is  derived  from  wells,  is 
known  to  be  an  offensive  nuisance,  and  it  may  be  dangerous  to  liealili. 
Here  the  conditions  are  altogether  different  from  those  existing  in  the 
country.  The  manure  is  lavishly  spread  upon  the  ground,  and  it  is  fre- 
quently the  case  that  it  is  applied  in  a  licjuid  form  to  growing  vegetables 
without  digging  It  into  the  soil.  The  odors  from  such  farms  may  be  only 
offensive,  but  the  surface-washings,  if  they  rntrr  the  wella  depended  on  for 
the  water-supply,  will  produce  the  same  effects  as  would  result  from  con- 
tamination by  leaking  cesspools.  Shallow  wells  may  become  polluted  hy 
soakagc -water,  though,  unless  the  fsecal  matter  is  applied  in  too  larg^ 
quantities  and  too  frequently,  the  oxidizing  powers  of  the  soil  may  be 
sufficient  to  counteract  any  injurious  effects  from  filtration.  This  manner 
of  using  human  exorement  in  the  immediate  suburbs  of  towns,  which  arc 
partly  built  upon,  and  where  the  'wRtor-aup]>ly  is  taken  from  wells,  is  a 
nuisance,  and  possibly  injurious  to  health,  and  should,  therefore,  he  for- 
bidden. 

"  Made  ffroujid." — Tn  towns,  moro  or  less  of  tho  ground  used  as  sites 
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for  buildings  is  ortiBcittl — that  is.  mode  by  Blling  up  inM|uaIiti«a  IB  I 
surface  with  alt  kinds  of  refuse,  such  a«  ashee,  street  <Jlrt,  hoa*p  and  tm 
refuse  which  is  poinposcd  of  a  very*  consideniblo  amount  of  aiiitnoJ  ai 
vegetable  au(>stanoc8.  The  organic  inattera  undergo  dccomposiiion,  and 
poursc  of  time  the  soil  becomes  purilied  by  oxidatioti  and  by  the  mee 
action  of  rain.  The  time  rvquired  for  the  disappearance'  of  tb«  iinpu 
variable.  It  depends  mainly  upon  the  amtmnt  of  dro^ving  inattci 
free  access  of  air,  and  the  free  motion  of  watt>r  in  the  soil.  In  t 
licial  soil  of  Liverpool,  made  largely  of  ashes  and  not  very  impure,  Di 
Parkcs  and  Sanderson  found  that  it  took  about  three  years  for  the  anim 
and  vegetftbli;  matters  to  disappear:  textile  fabrics  were  destroyed  U 
rapidly  ;  wliile  wood,  straw,  and  similar  substances  were  only  partial 
decayed  in  three  years.  When  the  amount  of  impurities  ia  exc<<aNve, 
muoh  longer  time  will  be  required.  The  process  of  purifienlioii  is  gT««1 
impeded,  in  the  absence  of  dniinage.  by  the  collection  of  Miiirriarit  wati 
which  excludes  the  atmosphere.  Under  these  cnndiliotts  n  soil  may  I 
main  impure  for  an  indefinite  length  of  time,  and  it  is  uncertain  wltrn 
would  bo  safe  to  use  it  for  building  purposes. 

New-made  ground  should  never  be  used  for  building  purposes,  udUI 
least  three  years  after  the  finol  deposit  of  rubbish  has  been  made  vi|»on 
From  the  very  commencement  it  should  be  well  drained,  to  facilitat*  tl 
,  natural  process  of  purtfieation  by  the  frE>c  passage  of  air  and  wat 
through  it.  The  foundations  of  buildings  should  be  carried  down  to  ll 
natural  soil,  and  the  sewer-pipes  should  be  securely  i^upjNtrtiNi 
boards  laid  upon  piles,  or  upon  piers  of  brick- work;  otherwise,  by  thi 
aidence  of  the  soil,  the  pipes  will  open  at  the  sockets  and  dellle  t 
rounding  ground  to  a  dangerous  extent.  In  the  report  on  the  santtMl 
condition  of  Liverpool,  by  Urs.  Parkea  and  Sanderson,  the  following  nil 
are  laid  down  : 

**L  No  exoaralion  should  be  used  for  the  reception  of  oinder-refa 
unless  it  is  efficiently  drained.  This  appears  to  us  to  be  of  especial  if 
portanee  in  relation  to  the  filling  up  of  brick-fields.  It  is  well  known  thi 
the  whole  of  the  surface  of  clay  is  never  removed,  and  there  is  altraj 
sufficient  to  form  an  impermeable  basin,  in  which,  in  the  absence  of 
age,  water  constantly  collecta,  AVe  hold  it  to  be  of  the  greatest 
tance,  for  the  rapid  deeoinposition  of  whal*'ver  offensive  muter! 
exist  in  the  'cinder,'  tliat  it  should  be  able  to  become  dr>*.  The  mhIj  vti 
in  which  this  can  be  promoted  or  secured  is  by  cfHcient  subsoil  drainag 

"2.  As  the  vegetable  and  animal  matter  coutaincd  iu  the  cinde 
refuse  decays  and  disappears  in  alnjul  three  years,  and  is  nrtually  innoci 
ous  before  that  lime,  we  recommend  that  places  filled  up  with  ciode 
refuse  shall  not  be  built  upon  for  at  least  twu  yt'srs  fpjm  the  dal« 
deposit." 

The  promiscuous  filling  u]»  of  inequaittie«  of  ijrouiid  is  cert&l 
evil,  and  should  be  prohibited.     This  ntanner  of  disposal  i>f  r<tfuao  sboui 
bo  restricted  to  the  less  objectionable  materials*  and  the  prvciicw  «Im>i 
subject  to  strict  supervision. 
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SECTION  in. 

DlSEAfiSH    COXNECTKD    WITH   CERTAIN   CONDITIONS    OP  THE    SoH- 

The  conditions  of  the  soil  affecting  health  oxcrt  their  influence  mftinly 
tbroug'h  the  medium  of  the  nir  we  breathe  and  the  wiitor  wo  drink.  TKprv 
is  also  to  be  noticed  the  infliienec  of  moiaturr;  uf  soil  as  an  independent 
fmctor,  whicli  afTccts  health  through  its  relations  to  the  tem|>erature  and 
moisture  of  the  atmosphere. 

The  general  subject  may  be  considered  under  the  following  heads: 

^l.  Diseases  connected  with  emanations  from  the  soil. 
%  Diaeaaoa  connected  with  water  in  the  soil. 
3.  Diseases  connected  with  pollution  of  the  soil, 
■  a.  Diseases  connented  with  |>olIntion  of  the  air. 

B  b.  Diseases  connected  with  pollution  of  ilrinking-water. 

arc 
yel 
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1.  Diseases  connected  wmi  Euanationr  kkom  thr  Soil. 


The  principal  diseases  which  have  been  attributed  to  teiliirie  effluvia 
are,  as  stated  by  Parkes,  paroxysmal  fevers,  enteric  (typhoid)  fever, 
yellow  fever,  bilious  remittent  fever,  cholera,  and  dysentery.  What  the 
nature  of  the  peculiar,  subtle  poison  is  that  has  the  power  of  producing 
certain  morbid  states  of  the  system,  has  not  been  detunnined  with  rospeot 
to  any  of  these  diseases.  Whether  it  consist  of  minute  particles  of  de- 
oomposing  organic  matter,  or  of  living  germs,  neither  chemical  analysis 
nor  microscopical  examination  has  been  able  todiscoi'or.  Itean  hardly  bo 
a  gas.  All  that  we  know  of  it  is  that  the  production  uf  the  morbific  agent, 
whatever  its  nature,  depends  upon  some  kind  of  decomposition  taking 
place  in  the  soil,  requiring,  ns  essential  conditions,  the  presence  of  organic 
matter,  heat,  moisture,  and  air,  and  that  it  is  largely  conveyed  to  the 
body  through  the  medium  of  the  atmosphere. 

It  is  hardly  necessary  to  state  that  the  fHiroxt^mmif  Jevcrg,  both  inter- 
mittent and  remittent,  are  produced  by  terrestriai  emanations,  commonly 
referred  to  under  the  term  mnlaria.  These  diseases  are  usually  associated 
with  the  effluvia  from  marshes  and  low-lying  and  badly-draincd  situations, 
but  they  also  occur  in  districts  far  rumote  from  marshes,  and  evrm  on 
elevated  regions.  Marshy  districts  are,  however,  the  principal  haunts  of 
these  diseases  in  nearly  all  oountrie.i.  Various  other  di;sea.ses  have  been 
HAcnbed  to  the  air  of  marshes,  such  as  dysentery,  dlarrlioca,  and  some 
other  gastric  disturbances.  Hogs,  thr)ugli  gi»nerally  damp,  do  not  produce 
periodical  fevers,  hut  they  arc  said  to  cause  malignant  catarrhs.  (Cameron. ) 
The  deleterious  effects  of  the  air  of  marshes  (malaria)  are  also  manifested 
by  impaired  nutrition,  ariiiMnia,  dyspepsia,  disorders  of  the  spleen  (en- 
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larged  spleen),  and  sometimes  liver  abscess.  The  inhabiUnis  of  ramlirioc 
(Ustriots  arc  often  easily  recognized  by  tltelr  sallow,  enfeebled  &ppeaLi«nci 
which  is  probably  due  to  imperfect  or  defective  assimilation. 

Yellow  fever  was  at  one  time  believed  to  be  of  malari&l  origiOf  an 
there  are  some  who  still  entertain  the  view  that  the  two  agencies  wbU 
produce  yellow  fever  and  paroxysmal  fevers  are  inseparably  associated,  as 
are  referable  to  telluric  emanations.  Certain  conditions  of  the  soil  in 
doubtedly  favor  the  development  of  the  active  agent  of  the  dlMM 
Climatic  conditions,  especially  temperature,  also  exert  an  inipurtant  ii 
{jiience  upoti  its  propagation.  But  its  causation  is  more  particutaH 
associated  with  the  presence  of  putrefying  fsecal  and  other  waste  organ 
matters,  such  as  nccumulate  about  human  habitations.  Vellow  fever 
especially  a  fever  of  towns  and  cities,  and  not  of  country*  districts.  Tl 
accumulation  of  fUth,  defective  drainage,  and  general  inattention  to  elea 
liness,  seem  to  be  recognized  as  being  intimately  connected  witli  tl 
localizing  causes,  and  this  disease,  like  cholera  and  typhoid  fever.  ha*A 
inaptly  been  called  ayf/f/i-disease.  ^| 

There  is  no  proof  whatever  that  cholera  ia  produced  by  terrestrial  cJfR 
lations  of  the  nature  of  the  miasmatJi  which  engender  periodic  fevrrB.  C 
the  contrary,  the  outbreaks  of  this  disease  in  sandy  deserts,  upon  ship^ 
sea,  and  in  the  severe  weather  of  winter,  indicat*)  that  its  cause  diffc 
•entirely  from  malaria.  Cholera  sometimes  prevails  in  marshy  and  mal 
rious  regions,  not  because  the  soils  of  such  regions  are  jitr  w  capable 
producing  the  morbific  agent,  but  rather  because  they  form  a  favor^ 
breeding-place  for  the  development  of  the  cholera  germs  from  niaterl 
introduced  from  without.  Intermittent  fever  and  cholera  bear  no  p&rtic 
lar  relation  to  each  other,  and  their  prevalence  at  the  same  time  must  I 
looke<l  upon  nimply  as  a  coincidence. 

The  hypothesis  iliitt  ti/fihotft/rvcr  may  be  caused  by  emaniLtions  fro 
the  earth,  occurring  in  the  late  autumn,  and  niter  dry  ami  hot  summei 
is  supported  by  a  considerable  weight  of  evidence.  Warm,  damp  wcoth 
in  the  autumnal  months  causes  active  decomposition  of  vegetable  raattrr 
which  is  supposed  to  be  favorable  to  the  development  of  the  poi^jn  pr 
ducing  this  disease.  Epidemics  of  fever  have  been  attributed  to  the  tun 
ing  up  of  the  soil,  and  to  clearing  ground  covered  with  decaying  v«gi 
table  detritus.  "The  exposure  of,  the  bottom  of  ponds  and  reservoirs  1 
the  season  of  heat  and  the  season  of  decay — thus  charging  the  air  wii 
the  products  of  the  decomposition  of  leaves,  wood,  and  nil  forms  of  vegi 
table  life,  mingled  with  whatever  the  soil  may  add  to  these  produou,  < 
changed,  as  the  noil  alone  seems  to  have  power  to  change  them — is,  of  M 
others,  the  most  frequent  .single  cause  assigned  for  the  production  of  rp 
deniicsof  typhoid  fever  in  Massachusetts."  '  Colonel  Waring,  in  hts  prii 
essay  on  the  causation  of  typhoid  fever,  accepts  the  theory  of  the  dinsa 
ination  of  the  disease  by  the  fa'cal  discharges  of  the  sick;  but  he  also  M 
vocatos  A  theory  of  the  development  of  the  disease  due  to  '*  the  rxhali 

>  Dr.  Dsrbjr ;  Causatiou  of  T/phoid  Fever,  Second  Beport  Maasoohmoila  Board  i 
Renltb.  p.  171. 
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tioDS  vi  decomposing  m&ttcra  in  dung-heaps,  pig-atiea,  privy-vaults,  t-eltuv, 
cesspools,  drains,  and  sewers;  or  it  may  be  (according  to  Pettonkofer)  to 
the  development  of  tlie  poison  deep  in  tlie  ground^  and  its  escape,  in  an 
active  condition,  in  ground-t:xha]ations.*^  And  he  is  also  of  the  opinion 
that  exhalations  from  frcshly-expose<l  mud,  as  after  the  emptying  of  mill- 
pomts,  are  capable  of  exciting  this  disease.  From  an  examination  of 
data  collected  in  the  States  of  Massachusetts  and  Rhode  Island,  he  con- 
cludes that  typhoid  fever  is  "  a  disease  of  the  country  rather  than  of  the 
town,''  at  least  so  far  as  these  two  States  are  concerned. 

"The  analog^-,"  says  Dr.  Derby,  "between  fevers  generally  known  as 
miasmatic  (intermittent  and  remittent)  and  the  continued  or  typhoid 
fever  of  New  England,  pointed  out  by  Dr,  Jackson,  becomes  very  signifi- 
cant when  we  look  at  the  experience  of  practitioners  all  over  the  State 
(Massachusetts)  with  reference  to  the  bottoms  of  ponds  and  reservoirs 
laid  bare  in  the  seasons  of  drought.  These  are  the  very  places  which 
would  surely  give  rise  to  intennittents  in  our  suulheni  country.  Here 
they  give  rise  to  fever  without  remissions — to  typhoid." '  The  other 
modes  of  causation  of  typhoid  fever  will  he  noticed  further  on. 

2.    DlSKAI>E}!    CONNKCTP.il    WITH    WaTSR  IN   THE    SoiL. 

Water  in  the  ground  affects  health  by  causing  a  cold  soil,  and  a  misty, 
chilly  condition  of  the  atnlu^pll0^c,  and  h  dis|M>silioii  in  persons  living  on 
or  near  such  a  soil  to  rheuniati&in,  heart  disease,  neumlgia,  and  catarrhal 
complaints.  Moisture  is  also  nn  essential  element  in  the  prmiuction  of  the 
injurious  emanations  which  arise  from  the  decomposition  of  organic  mat- 
ters in  the  soil.  Ueat  and  air  are  also  required  in  the  processes  concerned 
in  the  evolution  of  organic  emanations.  These  organic  processes  aru  in- 
tlueneed,  to  a  great  extent,  by  the  condition  of  the  groitnd-water,  which  is 
the  principal  source  of  moisture  to  the  layers  of  the  ground  lying  above 
it.  The  rise  and  fall  of  the  ground-water  cause  changes  in  the  dampness 
of  the  soil  above  it,  which  faciliiate  or  retard  the  activity  of  animal  and 
-fligniftble  decomposition.  The  fluctuations  In  the  level  of  the  ground- 
'IvilCiM',  OS  implying  variations  in  the  moisture  of  the  soil,  have  therefore 
been  considered  by  Pettenkofcr  and  others  to  exert  an  important  influ- 
ence in  the  ]>roduction  of  disease.  A  uniformly  low  water-level  is  usually 
regarded  as  healthy,  anti  u  persisteitlty  high  ground-water  as  unhealthy. 
But  the  most  dangerous  condition  of  the  subsoil-water  is  that  in  which  its 
level  is  subject  to  frequent,  sudden,  and  vinlf<nt  fluctuations. 

Of  late  years,  new  interest  has  Ijeeii  imparted  to  the  subject  of  soil- 
muisture  by  the  invest igatiuns  of  Drs.  Dowditch  and  Ducliannn,  upon  the 
connection  of  the  causation  of  consumption  with  dampness  of  soil.  Both 
of  these  observers,  by  independent  researches,  have  arrived  at  the  con- 
clusion, that  exposure  tosoil-nioiatiire  is  one  of  the  most  prominent  causes 
of  consumption.      Dr.  Bowditch  published  his  views  in  an  address  de- 
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Uvered  before  the  M&soAchusetts  Medical  Society,  in  1862,  and  be  Ui 
laid  down  the  following  propositions  as  embodying  the  result*  of  his 
quirj*: 

"First. — A  residence  on  or  near  a  damp  soil,  whether  that  dAmpn 
be  inherent  in  the  soil  itself,  or  caused  by  percolation  from  adjac4 
ponds,  rivers,  meadows,  marshes,  or  springy  soils,  is  one  of  the  prii 
causes  of  consumption  in  Massachusetts,  probably  in  New  England,  i 
possibly  in  other  portions  of  the  globe. 

"Second. — Consumption  oan  be  checked  in  its  career,  and  poasiblj 
nay,  probably — prevented,  in  some  instances,  by  attention  to  thta  law.^ 

Subsequently,  Dr.  Buchanan,  without  knowledge  of  the  obserratii 
of  Dr.  Bowditch,  proved  the  relation  between  dampness  of  soil  and  phi 
sis  to  be  one  of  cause  and  effect.  He  has  shown,  tbat,  in  certain  Engl 
towns  in  which  drain  age- works  have  been  introduced,  and  in  which  ' 
ground  has  been  made  much  drier,  the  mortality  from  phthisis  has  grea 
diminished;  and,  further,  that  the  rate  of  diminution  in  the  number 
deaths  from  this  disease  has  been  proportional  to  the  extent  of  the  d 
ing  of  the  subsoil.  In  some  of  these  towns  the  improvement  in  i 
death-iute  was  very  remarkable.  In  Salisbury  the  death-rate  from  oi 
sumption  El'11  49  per  cent.;  in  Ely,  47;  in  Rugby,  43;  in  Banbury,  41; 
other  towns  the  rate  of  diminution  was  not  quite  so  marked.*  On 
other  hand,  in  towns  which  had  been  sewered  with  impervious  pipeA^  i 
in  which  the  subsoil  had  not  been  drained,  there  was  no  reduction  i||j| 
death-rate  from  phthisis.  ^| 

A  still  more  elaborate  examination  of  the  distribution  of  phtbisli 
relation  to  conditions  of  the  soil  was  subsequently  made  by  direction 
the  privy  council,  and  of  this  examination  Mr.  Simon  remarks,  that  **  it  o 
firms,  without  any  possibility  of  question,  the  conclusion  previously  si 
gested,  that  dampness  of  soil  is  an  important  cause  of  phthisis  to  I 
population  living  upon  the  soil.*'  During  the  years  which  have  elapi 
since  these  investigations  were  completed,  the  theory  of  soil-moiature, 
a  cause  of  consumption,  has  been  strengthened  by  additional  evidor 
from  different  parts  of  the  world,  and  it  may  now  be  regarded  aa  a  wi 
established  luw. 

Excess  of  moisture  in  the  soil  is  a  oommon  cause  of  mists  and  foj 
which  injure  health  by  producing  chill.  This  condition  of  the  soil  gi^ 
rise  to  and  intensities  sudden  viulsaitvdes  in  the  temperature  of  the  atm« 
pfaere,  which  are  deleterious  to  health.  A  humid  state  of  the  atmospbi 
is  also  injurious  as  a  medium  nf  conveyance  of  the  iiupuritiea  evolve 
the  surface  of  the  g^-ound. 

In  a  recent  report  of  an  investigation  of  the  drainage  of  one  hai 
and  twenty-eight  towns  in  Massachusetts,  Dr.  Winsor  remarks,  in 
to  the  influr-nce  of  a  damp  soil  upon  the  health  of  persons  living 
that  '*  the  oinsd  of  diseases  most  frequently  noted  in  cotinection  witf 
[damp]  cellars  is  *  intlammatory  diseases  of  the  respiratory  organa,*! 
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eimWy  bronchitis.  Xext  in  order  of  frequency  comes  rheum atixm,  more 
particularly  of  the  sub-acute  onler.  Phthisis,  puoumoiiia,  and  wasting 
chronic  perrersionB  of  digestion,  arc  also  found  by  many  of  our  correspond- 
ents to  be  common  over  such  cellars.  Also  a  lessened  power  of  resist- 
ance to  all  diseases  when  contracted.  No  obser^'crcan  doubt  that  a  large 
amount  of  pn?ventable  disease  is  caused  by  damp  cellars."  ' 

Moisture  of  soil  is  one  of  the  main  factors  concerned  in  the  develop- 
ment of  malaria.  In  addition,  there  are  required,  heat,  air,  and  the  pres- 
ence of  organic  matter,  especially  of  veg-etable  origin.  Tl»e  occurrence  of 
malarious  diseases  is  especially  common  in  marshy  regions.  But  uther 
situations,  such  as  damp  bottom-lands,  the  oozy  shores  of  streams,  regions 
exposed  to  periodical  overflows,  and  soils  eouiposed  of  impervious  sub- 
strata, such  as  clay,  which  present  an  obstacle  to  the  passage  of  water, 
are  also  favurablc  to  the  development  of  the  ag^nt  which  cAuae%  paroxyi- 
mat  fevers. 

The  activity  of  the  miasm  varies  with  the  degree  of  humidity.  If  mala- 
rious lands  be  submerged,  so  that  no  part  of  the  surface  is  exposed  to  the 
action  of  the  solar  rays,  the  remedy  is  often  complete.  And  this  plan  has 
often  been  resorted  to  when  drainage  is  impracticable  or  not  advisable  (aa 
in  the  summer  season),  wild  the  result  of  improving  the  salubrity  of  the 
locality.  On  the  other  hand,  by  the  evaporation  of  water  from  malarious 
land.s,  and  the  consequent  exposure  of  the  soil  to  the  direct  action  of  the 
sun,  the  conditions  are  especially  favorable  to  the  evolution  of  miasmata. 
The  mode  of  cultivation  of  the  land,  at  quo  time  adopted  in  some  districts 
of  France,  by  alternately  forming  it  into  ponds  and  tilling  it,  was  produc- 
tive of  the  most  serious  consequences.  The  land  was  submerged  for  ^ 
period  of  a  year  or  more,  and  ai  the  expiration  of  tliis  time  the  water  was 
diverted  into  an  adjoining  field,  and  the  drained  lands  subjected  to  tillage 
for  one  or  two  years,  and  then  the  process  of  ponding  was  again  repeated. 
According  to  Kodero,  the  country  was  rendered  almost  uninhabitable  by 
this  practice,  the  mortality  amounting  to  about  one  half  the  laborers.  So 
long  as  the  water  covered  the  surface,  no  injurious  effects  were  experi- 
enced; but  so  soon  as  the  surface  became  desiccated  the  place  became 
unhealthy.  The  exposure  of  river-beds  and  the  bt^ttoms  of  ponds  and 
surfaces  over  which  water  has  collected  for  a  considenible  length  of  time, 
has  been  followed  by  the  production  or  increase  of  paroxysmal  fevers. 
*' The  most  favorable  conditions  for  the  development  of  this  poison  [ma- 
laria] arc  offered  by  marshes  that  have  dried  up;  while  their  injurious 
inlluoncc  ts  materially  diminished  as  Koon  as  fieavy  rains  once  more  sub- 
merge the  previously  parched  surface  of  the  ground.'' 

The  variations  of  the  ground-water  are  intimately  related  to  the  causes 
of  paroxynmid  ffcer».  *'  The  rise  and  fall  of  the  ground-water,"  says 
Parkes,  "by  supplying  the  requisite  degree  of  moisture,  or,  on  the  con- 
trary, by  making  the  soil  loo  moist  or  tot>  dry,  evidently  plays  a  large 
part  in  producing  or  controlling  periodical  outbre^iks  of  paroxysmal  fevers 
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I  in  the  so-called  malarious  countries.  The  development  of  malaria 
connected  either  with  rise  or  with  fall  of  the  ground-wat*f.  An  impedes 
outflow  which  raiseif  tlic  level  of  the  gruuiid-water  has,  in  malarious  ooili 
been  productive  of  immense  spread  of  paroxysmal  fevera.**  The  rise  aiu 
fall  of  the  ground-water,  by  alternately  wetting  and  drying  the  ftupoi 
ficia]  soil,  furnish  conditions  favorable,  under  the  influence  of  a  hot  aur 
to  the  decomposition  of  impurities  in  the  grouiKl,  which  is  in  some  wa; 
connected  with  the  evolution  of  malaria.  Marshy  lands  which  lie  upon 
retentive  structure,  through  which  the  aurface-waler  cannot  drain  awaj 
are  subject  to  frequent  and  sudden  fluctuations  in  the  level  of  tb 
gruiHid-water  in  seatiuns  uf  rainfall.  The  season  of  heat,  rainfall,  aud  di 
cay  usually  corresponds  with  the  period  of  marked  prevalence  of  tfaefeTW 

In  districts  free  from  marshos,  but  where  the  subsoil  is  of  an  impel 
vious  nature,  the  fever  sometimes  appears  after  the  season  of  heavy  rain 
on  account  of  the  raising  of  the  soil-water  from  obstructed  outflow 
Some  such  explanation  as  this  seems  applicable  to  Pola,  a  district  < 
Istria,  where^  according  to  Jilok,  the  epidciiiic  prevalence  of  malarious  di 
eases  eorrresponds  with  the  wet  season,  and  is  in  proportion  to  til 
amount  of  rainfall.  The  fertile  districts  about  Rome,  which,  centuric 
ago,  were  made  habitable  by  the  introduction  of  subterranean  drainage 
relapsed  into  their  former  state  of  unhealthiness  after  tb*?  neglect  tn 
destruction  of  these  works,  following  upon  the  Gothic  invasion.  The  a] 
pearsnce  of  malaria  between  1860  and  1HG8,  on  the  island  of  Manntinj 
which  had  previously  been  exempt  from  diseases  of  this  origin,  has  boe 
attributed,  in  part,  to  the  heavy  rains  and  inunilations.  Tlie  outbreaks 
malarial  fever  which  occurred  at  Kurrachee,  in  Scin<Ie,  in  I^illO,  is.M| 
to  have  been  caused  by  an  excessive  rainfall.   (Parkes.)  ^^ 

The  permanent  lowering  of  the  ground-water  in  malatious  districts  lis 
had  the  effect  of  greatly  mitigating,  if  not  of  entiroly  eradicating,  paros 
ysniai  fevers.  The  fen-latulH  of  Norfolk,  I.incolnshire^  and  t_^inil)crlaiidHhir 
are  conspicuous  examples  of  the  salutary  effects  of  do<fp  drainage.  Thcs 
places,  which  were  formerly  pestilential  marshes,  have  t>eeu  rendered  com 
paratively  salubrious  by  improvml  land-drainage.  Waring  states  thatthi 
town  of  Hataviu,  New  York,  wliich  liecanie  so  malarious  us  to  \w  almoa 
tlireatened  with  depopulation,  has  been  rendered  practically  free  froa 
malaria  by  the  drainage  of  the  saturated  lands  situated  near  the  town 
He  also  mentions  the  ease  of  Shawneetown,  in  Tllinoia,  as  a  practical  illiu 
tratton  of  tht  removal  of  malarious  disease  by  the  free  drainage  of  thi 
soil.  The  skilful  drainage  of  a  portion  of  the  Maremma  district,  in  Italy 
a  notoriously  malarious  territory,  by  increasing  the  outflow  and  loworinj 
the  ground-water,  has  had  the  effect  of  greatly  improving  the  hcaltii  o 
that  region.  Instances  cotdd  be  multiplied  to  show  the  beneficial  efflMfe 
of  draining  on  malarious  lands. 

The  study  of  the  subject  of  grotind-water  and  its  influence's  on  divnM 
is  especially  interesting  since  the  promulgation  of  the  view*  of  lVtt«D 
kofer  relative  to  the  connection  of  th^  variations  in  the  moisture  of  tlii 
soil  with  the  prevalence  of  Ojphoid  feeer  and  rhokra. 
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The  ob8«rTationf{  of  Pettenkofer  and  Bitlil,  made  in  Munich,  and  oov- 
ering  a  long  series  of  years,  clearly  establish,  so  far  aft  that  city  is  con- 
cerned, a  fixed  relation  between  epidemics  of  typhoid  fever  and  certain 
changes  in  the  soil — as  yet  unexplained — wrh'ich  are  indicated  by  fluotua- 
tions  in  the  level  of  the  ground-water.  It  has  been  shown,  that,  during 
tbe  years  1835-'T3,  the  jtcriods  of  the  grf^atest  mortality  coincide  with 
the  years  of  the  kiwest  level  of  the  ground-water,  and  the  periods  of  the 
least  mortality  with  the  highest  water-level  ;  and  that  the  variations  be- 
tween  the  highest  and  lowest  mortality  corresponded  with  variations  in 
the  moisture  of  the  snil,  an  indicated  by  changes  in  the  level  of  the  ground- 
water. With  the  rise  of  the  ground-water  there  is  a  steady  decrease  in 
the  number  of  fatal  cases  of  typhoid  fever,  and  vice  lyersa.  Low  ground- 
water, espeeially  when  the  water  has  rapidly  fallen  after  having  rirfen  to 
an  unusual  height,  is  the  condition  of  the  water-level  most  favorable  to 
the  prevalence  of  the  disease.  Prof.  Seidel  has  made  a  mathematical 
calculation  from  data  covering  a  period  of  eight  years,  which  proves  that 
the  probability  is  36,000  to  I  that  there  is  a  connection  between  variations 
of  level  of  soil-water  and  the  prevalence  of  the  fever. 

According  to  the  theory  of  Pettenkofer,  the  puison  to  whicli  etUerk-- 
Jever  is  due  Is  a  pnxluct  of  the  soil,  and  not  of  the  water  of  the  soil;  the 
latter  simply  indicating,  by  its  rise  and  fall,  variations  in  the  moisture  of 
the  ground.  "The  importance  of  these  variations  in  ntoisturc  consists  in 
their  facilitating  r-r  retarding  (tertfin  organic  processes  in  the  soil,  while 
tbe  ground-water  itself  tyay  be  quite  humdess  and  innocent  in  the  matter/* 

The  fever  seeds,  or  germs,  wiiich  result  from  these  obscure  changes  in 
the  soil,  rise  with  the  ground-air  and  are  communicated  to  man  through 
the  medium  of  the  utmosphere.  Such  is  the  "  ground-water  theory  "  of 
the  development  of  the  poison  of  typhoid,  proposed  by  Pettenkofer  and 
elaborated  by  Buhl  and  others. 

While  it  must  be  admitted  that  the  relationship  between  the  frequency 
of  typhoid  fever  and  t!ie  level  of  the  ground-water  has  been  proved  to 
exist  in  Munich,  this  fact  has  not  been  as  clearly  demonstrated  with  re- 
gard to  other  localities.  It  is  true  that  Virchow  lias  shown  that  in  Berlin 
lyphiiid  fever  inoreases  as  the  ground-water  falls,  and  decreases  as  the 
water-level  rises,  but,  as  Liebernieiuter  remarks,  the  influence  of  the  season 
of  the  year  upon  wliich  typhoid  and  water-level  depend,  must  first  be 
eliminated  before  concluding  a  connection  between  typhoid  and  water- 
level  in  Berlin.  Both  Giessler  and  Hath  deny  this  particular  influence  of 
the  variations  in  the  wator-levi-l,  and  attribute  the  t\-jihoid  fever  of  Berlin 
to  polluted  drinking-water.  Buxbaum  has  cited,  as  proof  of  the  correct- 
ness of  the  ground-water  theory,  the  recent  oulbrpak  of  typhoi<i  fever  in 
the  harraoka  at  Xeustift,  which  appears  tn  show  a  direct  connection  be- 
tween the  prevalence  of  the  disease  and  the  fall  of  the  subsoil-water;  but, 
as  Parkes  remarks,  the  frequency  and  extent  of  the  connection  remain  to 
be  detennined. 

Theao  views  as  toth©  origin  of  enteric  fever  are  considered  to  be  too 
exclusive,  and   have   not    been    generally  adopted.       English    obaer\*en! 
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almost  universAlIy  reject  them,  since  they  fail  to  explain  the  freqa«i 
connection  observed  in  England  between  imperfect  dmina^  t»r  contain 
nated  drinking-water  and  L-nteric  fever,  quite  iudepcniient  of  anjr  iiU 
tiou  in  the  ground-water.     (Murchison.)  ^M 

Tlie  explanation  of  the  connection  between  the  frequency  of  the  iR 
aYid  the  water-level  is  explained  in  this  manner:  When  the  level  of  ll 
water  in  wells  is  lowered,  the  amount  of  dissolved  and  suspended  mi 
tcrs  in  the  water  is  relatively  increased;  and,  uiureover,  the  area  of  drai 
age  for  each  well  is  greatly  enlarged  by  the  subsidence  of  th«  grouo 
water;  and  the  fovil  matters  containing  the  g^rms  of  the  disease,  fm 
whatever  source  derived,  are  drawn  from  a  greater  distance,  and  are  th« 
fore  more  abundant  in  the  water,  the  lower  the  latter  ta.  As  a  mle,  t 
water  of  any  sjiring  is  purer  in  proportion  to  the  height  of  its  surface, 
ctmsideralile  anioiint  of  the  impurities  upon  the  surface  of  the  gmtir 
which  would  drain  into  it  at  a  low  state  of  the  subsoil- water,  is  wash' 
away  when  the  latter  stands  at  a  high  level.  Adopting  tliis  view  of  L 
causation  of  the  disease  through  the  medium  of  drinking-water,  h  is  e< 
dent,  as  Dr.  Buchanan  remarks,  that  the  connection  between  the  fi 
(juency  of  enteric  fever  and  the  height  of  the  springs,  would  exist  only- 
localities  where  the  water-supply  is  drawn  from  wells.  In  support  of  tl 
view,  the  fact  has  been  point^^d  out,  that  in  certain  English  towns,  wbe 
the  water-level  has  been  permanently  lowered  by  drainage  opt-ration*,  ai 
pure  drinking-water  has  be«n  introdftcd  from  a  diHtaiicc,  the  mortal] 
from  typhoid  fever,  instead  of  increasing,  as  it^shuuld  do,  aooor 
theory,  has  been  reduced. 

Pettenkofer  and  liuhl,  while  they  admit  the  general  iroportan 
drawing  the  sup)>ly  of  drinking-water  from  a  pure  source,  deny  Uie  i 
of  water  in  producing  typhoid  fever,  especially  so  far  as  the  case  of  M 
nich  is  concerned.  Filth,  they  consider,  will  aggravate  the  disease ;  bat 
will  not  originate  it.  The  true  cause  lies  in  the  soil,  the  sirof  which  mc 
as  the  vehicle  of  communication.  The  conditions  which  they  hold  to  I 
resential  to  the  development  of  the  poison  are  rapid  sinking  of  the  groun 
water  after  an  unusual  rise,  air,  heat  of  soil,  the  presence  of  animal  nu 
ters,  and  the  entrance  of  a  speci5c  germ,  (Parkcs.)  Dr.  Buchanan,  ai 
the  English  observers  generally,  admit  the  connection  between  the  pr«r 
lence  of  typhoid  fever  and  the  falling  of  the  ground-w&t4-r;  but  hold  thi 
this  is  not  of  essential  importance,  the  true  cause  of  the  disease  h||| 
referable  to  pollution  of  drinking-water.  ^H 

Neither  of  these  theories  appears  to  be  opposed  to  the  view,  thi^n 
disease  is  due  to  the  decomj>osition  of  filth  accumulated  in  the  soil  t 
m»kage  from  privy-vaults,  cesspools,  drains,  etc.,  from  which  it  fin 
its  way  into  wells  and  contaminates  the  drinking-water,  under  eircui 
stances  especially  favorable  in  dry  weather,  when  the  area  of  drainage 
extended,  and  when  the  relative  proportion  of  impurities  in  the  water 
increased;  or,  when  it  is  exposed  in  the  soil,  especially  after  the 
dence  of  the  ground-water,  to  the  influences  of  heat,  air,  and  mc 
which  are  favorable  to  the  decomposition  of  organised  substanoes  \ 
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ihe  development  of  the  poison,  which  is  communtcftted  to  the  atmos- 
phere throui^h  thft  medium  of  the  grouiid-air.' 

A  very  similar  theory  has  been  ndvaiu-cii  by  Pelt«nkofer  with  regard 
to  ihe  causation  of  cholera.  Ho  holds  that  a  fixed  relation  exists  between 
the  variations  in  the  mortality  from  epidemics  of  cholera  and  the  ground- 
water; that  the  poison  is  elaborated  in  the  soil,  and  not  in  the  water  of 
the  soil.     The  only  influence  which  drinking-water  can  have  on  the  spread 

the  disease  is  by  occasionally  acting  as  a  means  of  conveyance  of  the 
tis  engendered  elsewhere;  and,  moreover,  that  the  conditions  of  the 
oil  most  favorable  for  the  genesis  of  the  poison  are  porosity,  iwllution  by 
animal  mattpr,  heat,  and  dampness,  especially  fallowing  a  rapid  subsidence 
of  soil-water  after  an  unusual  rise,  or,  in  other  words,  that  a  situation  in 
a  soil  impregnated  with  organic  matter,  in  which  the  specific  germ  of 
cholera  is  exposed'  to  the  action  of  heat,  moisture,  and  air,  is  an  indis- 
pensable condition  of  the  prevalence  of  a  widespread  epidemic  of  the  dis- 
ease. A  porous,  nith-impregnatcd  soil  is  certainly  a  dangerou.s  one;  but 
such  a  condition  is  not  believed  to  be  indispensably  necessary  for  the  de- 
velopment of  cholera.  The  excluslveness  of  the  tJieory  is  what  is  objec- 
tionable. Well-authenticated  instances  of  epidemic  outbreaks  of  cholera 
have  been  reported  in  Gerniany,  India,  and  elsewhere,  in  which  the  diref: 
connection  between  variations  in  soil-water  and  the  disease  have  not  been 
obscrvwl.  The  observations  made  of  the  cholera  epidemics  in  Zurich,  in 
1855  and  1867,  especially  in  the  latter  year,  sliow  tlte  disease  to  be  unoon- 
nected  with  any  variations  in  tlic  subsoil-water/  In  Berlin,  and  in  Leip- 
eic  and  Dresden,  in  1800,  the  observations  appeared  to  agree  with  the 
theory.  In  the  former  place  the  well-waters  were  found  to  be  highly 
polluted. 

The  weight  of  evidence  in  India  is  opposed  to  Pettenkofer's  ^-iews,* 
though  there  are  instances  which  seem  to  establish  their  correctness,  so 
far  at  least  as  the  places  are  concerned  where  the  observations  have  been 
maile. 

The  investigations  recently  made  by  Lewis  and  Cunningham,  at  Cal- 
cutta, show  that  tht^  prevalence  of  cholera  in  that  city  is  closely  connected 
with  the  state  of  tlie  water-level.  In  their  report,  published  in  1878,  ihey 
remark,  that  "the  period  of  maximum  prevalence  coincides  with  part  of 
the  period  of  maximum  depression  of  the  water-level,  and  one  of  the 
months  of  minimum  prevalence  with  the  month  of  minimum  depression. 
Whilst  the  prevalence  of  cholera  in  Calcutta  is  associated  with  a  low  level 

'  See  on  this  subject  articles  by  Pettenkofer,  Bahl,  Beidel,  BuxlMmm,  etc ,  in  Zoit- 
Bohrift  fUrBiologi*-,  lS65-'70;  Buchanan  :  Med.  Times  and  Gazette,  March  18.1870; 
P*tteakofer:  ibid.,  Jane  II,  1870;  Virchow  :  Reinignng  u.  EntwiiasfninK  Berlins, 
1673,  p.  63 ;  Archiv  fOr  klin.  Med.,  1873.  p  2,17 ;  Parkes :  op.  c.  p.  dS^ ;  Murehison  : 
Cout    Feveni,   p.  450;    Ziemssen ;   Cyclopiedia    of  PraL-Uce  of  Med.,  Vol.   L,  pp. 

m-Ti. 

*  Lebert:  Die  Cholera  in  rler  Scbweiz,  Frank f  ,  iHTjtt ;  also  Zebnd«r:  Bericht  fiber 
die  Cholera -Epidemle  d.  J.  1867  im  K&ntoo  Zurich.  Zttncli.  1871. 

'  TownMnd  :  Ruportfi  on  Chulerk  in  Ceotra]  India-  « 
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of  the  soil-water,  the  data  very  clearlr  show  that  thr  absolute  wat«r4v 
in  itself  is  of  no  importance/'  Invcstigationsan*  stil]  being  carried  oa,l 
results  of  which  will  lioubtless  furnish  data  of  value  in  determining  ^ 
phase  of  the  subject  of  the  etiology  of  cholera. 

£^i(lemic   dy»entery  and  bilious  remittent  fever  have   been 

among  the  diseases  supposed  to  be  inUueiiced  by  variations  in  tb«  i    

ibt*  soil-water;  but  the  evidence  upon  this  point  is  as  yet  meagre  and 
conclusive.  A  soil  contaminated  with  organic  matter  in  a  state  of  deoa 
position  under  the  influence  of  heat  and  moisture,  ts  frequently  noticed 
connection  with  outbreaks  of  these  diseases.  The  propagation  of  c 
demic  dysentery  is  largely  founected  with  local  causes.  Moisture  of  I 
soil  is  held  to  be  favorable  to  its  development.  In  the  tropica  the  peri 
of  its  prevalence  is  one  in  which,  from  rain  or  overflow,  the  soil  is  in  an 
moist  state.  It  sometimes  exists  under  conditions  similar  to  those  wk 
are  connociod  with  the  production  of  malarial  fevers,  a  moi^t  soil,  • 
even  a  swampy  condition  of  the  ground,  seemingly  being  an  ini[ 
factor  in  the  development  of  the  cause  of  the  disease.  At  presen 
impossible  to  give  a  decided  opinion  with  regard  to  the  influi 
ground-water  upon  the  propagation  of  these  diseases. 


3.    Dl6KASKi«  COXXBCTBP  WtTH  POLLCTIOX  OK  TllS  SoiL  hS  A  SOUI 

o.  Pollution  of  the  air. 

b.  Pollution  of  drinking-water. 

a.   DUeaaes  connected  wit/t   PcMittton  of  the  Air.^ 

Emanations  from  the  polluted  soil  of  thickly  crowded  graro-yi 
peoially  in  densely  populated  localities,  exert  an  injurious  influence  up 
health.  If  not  actually  productive  of  any  s{>ecific  diseas*',  they  aggravi 
sickness  and  increase  the  rate  of  mortality.  Vicq  d'Azyr  attributed  < 
epidemic  which  occurred  in  Aut-ergneto  the  removal  of  bodies  from  an  d 
cemetery.  The  neighborhood  of  the  old  cemetery  of  the  Innocents  )n  Pai 
became  so  sickly  as  to  necessitate  the  removal  of  the  remains.  Tlie  air 
the  locality  w^s  highly  impure.  Candles  were  quickly  extinguished 
the  cellars  of  houses  near  by.  After  the  disinterment  of  the  bot-liea  ti 
neighborhood  ceased  to  be  unhealthy  Cholera  was  very  fatal  in  Id' 
in  the  houses  adjoining  the  old  cemeteries  of  London.  T^phtu  and  ott 
fevers  were  not  uncommon  near  these  old  city  grave-yanls.  /titirrha 
and  dyaenterx/  arc  said  to  be  caused  by  putrid  emanations  from  oemetafil 
Malignant  ^fn^era,  ftap/iyxia,  and  suffoaUihff  ratarrh*  rciult  from  «xp 
sure  to  tlio  concentrated  efllu\-ia  from  putrifying  bodies.   ( I^inmaxxini.) 

On  the  other  hand,  well-regulated  cemeteries,  located  on  proper  m 
and  in  rtiral  districts,  exert  no  injurious  effects 
Intenneuts.  p. 


(See 


'.) 


'  8m  ebapter  on  The  Atraospbsre:  ita  ImpttriCiak.  etc 

'  Sse  chapt«n  ou  The  AtnuHpheR  ami  Public  Nuisaaoes. 
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Tho  pollutiuii  of  the  air  from  faecal  matter  thrown  upon  the  gpround 
has  already  been  alluded  to.  Iiistniiees  are  on  record  in  which  typhoid 
ftecr  has  resulted  from  the  manuring-  of  the  land;  but  they  are  not  aa 
frequent  as  they  »houJd  be,  if  the  eflluvia  produced  by  the  application  of 
excreta  to  the  land  were  a  common  cause  of  this  disease.  In  Cliine^o 
villages,  wliich  arc  stin-oundcd  with  fiscal  matter  used  in  this  manner,  and 
where  the  air  is  contaminated  with  the  oflfensive  effluvia,  typhoid  fever 
does  not  exist,  at  least  to  any  noticeable  extent.  The  weight  of  evidence 
is  against  the  influence  of  sewage-farms  in  the  production  of  enteric 
fever.  Dr.  Cloustoti  has  mcorded  an  outbreak  of  dj/gentery  in  tho  Cum- 
berland and  Westmoreland  Asylum,  which  he  traced  to  emanations  from 
sewage  spread  over  the  land  about  300  yards  from  the  asylum.  During 
the  discontinuance  of  the  practice  for  two  years,  there  was  an  absence  of 
this  diseatte.  But  when  the  sewage  was  again  applied  to  the  land,  dyarii- 
tery  again  appeared.  There  was  no  possibility  of  the  action  of  other 
causes,  such  as  impure  water,  bad  food,  etc.  The  application  of  sewage 
to  land  may  l>ccome  dangerous  to  health  by  poisoning  adjacent  wells. 

Accunmlations  of  fn'cal  matter  upon  the  surface  of  the  ground  in  con- 
fined places  near  to  dwellings,  h\n'U  as  close  courts,  alleys,  back -yards,  etc., 
will  produce  the  same  effects  as  utr  from  sewers  and  cesspools.  Many  in- 
stances  of  this  kind  are  recorded  in  the  Knglish  "  Health  of  Towns  Re- 
ports." 

The  effects  upon  health  of  emanations  from  the  soil  polluted  by  ex- 
creta— tf](f  cause  of  its  most  frequent  contamination — and  inipurities  from 
sewers  and  drains,  and  by  all  kinds  of  filth,  are  similar  to  those  produced 
by  the  effluvia  from  sewers,  drains,  and  cesspools,  and  will  therefore  be  f!on- 
sidered  under  ihis  tatter  head.  The  diseases  which  have  been  attributed 
to  these  eflluvia  are  enteric  fever,  diarrh(ca,  cholera,  dysentery,  diphtheria, 
pneumonia,  and  ophthalmia.  There  is  soma  evidence  that  scarlet  fever 
may  be  communicated  in  this  way.  Other  effects  from  these  effluvia  have 
been  ohsorved,  such  as  languor,  loss  of  ajtpetite,  fcverishness,  headBche^ 
dyspepsia,  aiiipmia,  etc.,  etc.  Sewagc-cnianations  are  known  to  aggra- 
vate the  severity  of  all  the  exanthemata — erysipelas,  hospital  gaugrene. 
and  puerperal  fever  (Rigby);  ami  it  would  seem  that  all  diseases  are 
more  or  less  affected  by  these  eflluvia.      (Parkes.) 

Iiistanoes  are  recorded  of  poisoning  by  breathing  the  gases  generated 
in  sewers  and  cfesspools,  in  some  of  vvliich  the  consequences  have  been 
fatal,  probably  on  account  of  inhaling  a  large  quantity  of  ammonium  sul- 
phide, or  of  some  other  poisonous  or  fetid  g^as.  In  a  case  occurring  at 
Clapham,  in  .August,  18*29,  twenty  out  of  twenty-two  boys  at  the  same 
school  wore  seized,  within  three  hours,  with  fever,  vomiting,  purging,  and 
great  prostration.  One  other  boy  had  been  seized  the  day  before,  and 
died  in  twenty-three  hours;  another  boy  died  after  twenty-fi^e  hours' sick- 
ness; all  the  rosi  got  well.  The  cause  of  the  disease  w&»  found  to  be  due 
to  the  opening  of  a  long-blocked  draiti  at  the  back  of  the  house.  The  con- 
tents had  been  spread  upon  a  garden  near  the  play-ground  two  days  be- 
fore the  first  illness  occurred.     The  effluvium  from  the  drain  was  vcrv 
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Btate,  from  their  own  observations,  that  enteric  fever  is  not  uncommon 
amoHj^  workers  in  sewers. 

Recent  investigations  upon  the  health  of  the  sewer-men  of  London 
seem  to  indicate  that  it  is  not  affected  by  their  occupation;  but  the 
sewers  of  London  and  of  Paris  are,  as  a  rule,  well  constructed  and  well 
ventilated,  and  in  many  of  them  tiie  air  is  reaUy  not  very  impure.  Letheby 
subjected  the  air  of  the  sowers  of  London  to  chemical  examination,  and 
found  that  it  difTereil  but  little  from  the  external  air.  The  sewers  in  this 
country  are  of  a  very  different  character;  they  are  badly  constructed, 
hardly  ventilated  at  all, and  carelessly  mainiged.  It  i;*  not  at  all  improbable^ 
that,  if  inquiry  were  made  into  the  condition  of  the  health  of  men  habitu- 
ally engraged  at  work  in  these  sewers,  the  results  would  show  an  excess 
of  disease  among  such  laborers.  And  wbiie  it  does  appear  from  the  few 
records  at  hand,  that  workmen  connected  with  well-ventilated  sewers  do 
not,  as  a  jreneral  thing,  suffer  any  serious  inconvenience,  the  stutoment 
that  scwcr-Kieii  do  not  suffer  in  liealth,  as  a  result  of  their  employment, 
cannot  be  accepted  as  a  general  conclusion  ;  more  evidence  is  required 
upon  this  point,  for  as  yet  the  statistics  are  very  imperfect. 

Much  interest  attaches  lo  the  subject  of  the  development  of  typhoUl 
fever  from  the  air  of  sewers  and  fiecal  emanations.  That  this  discaae  de- 
pends, to  a  great  extent,  upon  the  polluted  air  of  sewers,  cesspools,  and  of 
the  soil,  is  proved  by  very  strung  evidence.  The  morbific  agent,  conveyed 
through  the  medium  of  the  air,  finds  its  wny  into  houses  from  cesspools 
improperly  located,  or  from  drain-pipes  imperfectly-ventilated  or  badly 
trapjM*d,  or  from  impure  soil  beneath  and  surrounding  the  dwellings.  In 
aome  oases  the  disease  has  been  confined  to  a  particular  part  of  the  house, 
espeoially  exposed  to  the  effluvia  from  badly  trapped  drains;  and,  as  the 
water-supply  was  apparently  unexceptionable,  there  could  be  no  doubt  as  to 
the  source  of  the  infection.  It  has  been  assigned  as  a  reason  why  people 
of  the  better  classes  in  towns  suffer  nmre  from  enteric  fever,  that  their 
dwt-llings  are,  as  a  rule,  more  generally  connected  with  sewers. 

Houses  located  in  the  upper  part  of  a  town  sometimes  suffer  more 
than  those  at  a  lower  elevation,  and  this  difference  arises  from  a  feature 
connected  with  the  sewers.  It  is  known  that  the  sewi-r-gases  tend  to 
force  their  way  toward  the  more  elevated  parts  of  the  sewers,  and  if  the 
drains  of  houses  connected  with  them  are  not  very  efficiently  trapped,  the 
entrance  of  sewer-air  is  easily  effected. 

Offensiveness  is  not  a  necessary  concomitant  of  infectious  sewer-air. 
An  instance  is  mentioned  in  Parkes'  Hygiene  of  an  outbreak  of  typhoid 
in  a  training-school,  unmistakably  traced  to  imperfection  of  traps,  in  which, 
on  account  of  the  smell  of  the  effluvia  being  so  very  slight,  it  was  not  at 
first  believed  that  the  drains  could  be  at  fault.  The  ovitbreak  of  typhoid 
fever  at  Newbridge  was  caused  by  the  entrance  of  sewer-air  into  the  bar- 
rucks  during  the  temporary  disuse  of  a  ventilating  shaft  for  the  drains. 
Alt  other  possible  cauiies  were  examined  into  and  eliminated.'     Riecke 
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gives  a  very  unique  and  noncluai\'e  case  of  typhoid  fever  p<Hsontng  CiR 
ffecal  cmnnations,  in  which  two  men  who  slept  over  a  room  wh«r*  i 
«vacuation8  of  u  typhoid  fever  patient  were  placed,  wer«  Aeiz^l  with  1 
disease.  It  should  be  noted  that  there  was  no  proper  ceiling  to  thisnK 
&nd  there  was  but  sligiit  obstruction  to  the  passage  of  air  to  the  ale«pu 
apartment  above.  It  has  already  been  soon  that  the  opening  of  a  dr 
has  been  followed  by  decided  cases  of  typhoid  fever.  The  leakage 
cesspools  into  the  soil  under  dwelUii|p  has  also  j^iven  rise  to 
effects. 

While  typhoid  fover  has  prevailed  in  consequence  of  expoati 
emanations  from  bad  seworage*arrangement8,  on  the  other  hand  a  mari 
<]iminution  of  the  disease  has  uniformly  followed  the  introduction  of 
improved  system  of  sewerage,  lu  twenty-one  KngHsh  towna,  in  wj 
proper  drainage -works  had  been  adopt«d,  the  mortality  from  typhoid  f« 
diminished  4.'>.4  [»r  rent. 

There  can  be  no  doubt  that  diarrhoea  is  sometimes  caused  by  aewor 
and  &eoal  emanations.  It  stands  in  close  relationship  with  imperfeotios 
the  removal  of  sewer-matters.  As  a  rule,  it  is  most  prevalent  in  ba 
sewered  localities,  ami  It'sst  sn  in  districts  which  are  well  drained.  A  fa 
degree  of  temperature  and  deficient  rainfall  appear  to  be  the  condlkii 
most  favorable  to  the  evolution  of  f^cal  effluvia  conneoted  wi] 
spread  of  this  disease.  Children  arc  the  subjects  most  frequently  atti 
Ihjxattery  has  also  been  traced  to  the  same  causes. 

It  is  probable  that  cholera  is  occasionally  spread  by  means  of  th 
acwors  and  cesspools;  but  there  is  very  little  evidence  on  tkta  poi 
Parkes'  gives  a  case  (at  Southampton)  in  which  sewers  wcro  suppoMd 
have  played  a  part  in  the  dissemination  of  cholera,  and  De  Clmumontci 
two  cases  which  came  under  his  own  observation  at  Parkhur»t,  In  18 
the  cause  seeming  to  be  due  to  the  clearing  out  of  an  old  latrine.  Aoeo 
ing  to  Mr.  RadclifTe,  the  outbreak  of  cholera  in  the  City  of  I^ondon  Wa 
house,  in  July,  ISOO,  wa!»,  in  all  probability,  due  to  the  sudden  e«c«{W 
»ewer-air  from  a  drain  containing  the  evacuations  of  cholera  paiienta.' 

Polluted  air  from  soils  is  another  probable  means  of  the  iutroduolj 
of  the  agent  which  produces  t^liolera.  According  to  Pettenkofor.  thea 
is  the  place  in  which  the  cholera  poison  is  eLaborat«d,  and  the  **  infrctt: 
matter  is  communicated  through  the  medium  of  the  ground-air."  T! 
observe!"  admits  that  the  disease  is  occasionally  propagated  by  drinkiu 
water;  but  it  is  in  the  soil,  and  not  in  water,  that  the  cholera  g«nnbocoai 
developed  and  assumes  its  characteristic  virulence. 

The  objection  to  this  theory  is  that  it  is  loo  t* Kcliistve.  At  the  sal 
time  it  must  be  affirmed,  that,  under  certain  cinniinstances,  a  |iollut*dt 
atuids  in  a  closi?  relation  tu  the  prcvalcikcn  of  cholera,  and  tJiat  tk«t  oo 
oect ion  between  the  effluvia  from  such  a  soil  and  cholera  is  oocasionaQj 
causal  one.     *'The  diffusion  of  cholera  among  ua,^*  saya  Dr.  Simon 
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pcnds  entirtly  upon  th*  numerous  filthy  facilities  wliich  wo  let  exist,  and 
cspeciilly  in  our  larger  towns,  for  the  fouling  of  earth,  air,  and  water; 
and  thus,  secondarily,  for  the  infection  of  man  and  whatever  eotitagiori 
may  be  obtained  in  the  miscellaneoua  outflowings  of  the  population,** 

The  impure  air  from  sewers  and  cesspoola  hajt  been  a-ssijiriied  as  a 
ineatis  of  propagating  <Ujjht/ir,rut,  and  instances  are  not  wanting  which 
uji^eni  to  show  that  the  poisonous  decomposition  of  org-anio  inattcf  is  in 
wme  wa}'  connected  with  the  dissemination  of  this  disea)k>.  Dr.  deChau- 
mont  says:  **  It  would  certainly  seem  as  if  the  disease  was  capable  of  being* 
penerated  by  any  sewage  whatiM>fvi'r,  placed  under  particular  circum- 
stances/' and  he  c-ites  two  c&ses  in  support  of  this  opinion.  One  is  that 
mentioned  by  L)r.  Maclean,  in  which  a  number  of  children  were  struck 
down  with  diphtheria,  supposed  to  have  b*'en  caused  by  a  leakage  of 
sewage,  which  had  been  going  on  for  nioTuIrs,  in  a  part  of  the  hotiHo  im- 
mediately under  the  nurseries  of  the  children.  Thr?  heating-apparatus 
twas  placed  near  the  point  of  leakage,  and  was  thought  to  have  intensified 
the  evil  by  favoring  the  ascent  of  the  poisonous  pfRuvia.  The  other  case 
was  that  noticed  by  Dr.  Frank  as  having  occurred  at  Cannes,  in  France, 
in  which,  by  a  defect  in  the  sower-ventilating  pipe  passing  up  close  to  the 
cupboard  in  a  nursery,  there  was  an  escape  of  scwcr-air  into  the  room  oc- 
cupied by  a  number  of  children,  with  the  effect  of  sickening  the  whole  of 
them  by  diphtheria.  Or.  Wilson  remarks,  that  "  in  country  districtjt  i.s[»- 
lated  outbreaks  of  diphtheria,  traceable  tn  cesspool  effluvia,  are  not  at  all 
uncommon.  In  these  cases  it  is  generally  found  that  there  is  a  water- 
doeet  in  the  house,  which  itself  is  badly  ventilated,  that  the  soil-pipe  is 
never  ventilated,  and  that  the  closet -drain  discharges  into  a  cesspool  Y\htch 
is  completely  covered  up,  and  only  cleHue<l  out  at  rare  intervals.  The 
consequence  is  thai  any  gases  generated  in  the  cesspool  hitve  no  outlet 
except  through  the  water-closet  and  into  the  house,  anj  hence  result 
attacks  of  diphtheria,  ulcerated  sore-throat,  and  other  badly  de6ned  ail- 
ments.** ' 

From  an  inquiry  instituted  by  the  State  Board  of  Health  of  Massa- 
chusetts, in  1875,  respecting  the  predisposing  causes  of  diphtheria,  its 
prevalence,  etc.,  it  would  appear  that  ibis  disease  has  been  most  severe  in 
the  rural  districts  where  there  are  no  sewers,  and  whore  the  di-ainage  is 
generally  very  bad.  Tlies])ceial  connection  between  thlsdisca-se  imd  filth 
is  not  very  clearly  made  out,  altliough  this  condition  is  8upi)0»ed  to  have 
the  effect  of  aggravating  the  symptoms.  The  belief  that  the  propagation 
of  diphtheria  is  greatly  influenced  by  contaminated  air  from  sewers, 
privies,  soils,  etc.,  or.  in  other  word«,  by  filth-infection,  seems  to  he 
gradually  gaining  ground;  but  at  present  the  evidence  is  not  sufficient  li» 
justify  a  decided  opinion.  The  investigations  which  arc  now  being  car- 
ried on  will  doubtless,  in  a  few  years,  settle  this  important  question. 

That  pneftmonia  tnay  be  caused  by  sewer-emanations  is  shown  by  the 
remarkable  case  in  the  school  at  E^t  Sheen.      Op/tihaimia  is  also  pro* 


'  Handljook  of  Hy^ieoe,  1877,  p.  71. 
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duced  by  the  impare  air  arising  from  s«wagp-rnHtt«rs.  Aecording 
Panml  du  i-'hatclct,  tho  laborers  in  the  sevrera  of  Paris  frequently  eaffi 
from  flight  ojihllialmia,  and  de  Chaumoiil  mentiona  un«qulvuc«t  cam 
this  affection  <irigiimting  from  the  foul  air  of  a  dit(^b  into  which  ^M 
liad  been  allowed  to  accumulate.  ^^ 

There  is  some  evidence  to  show  that  «carUi  ffver  is  trmo«abli 
swwors,  but  it  ia  inconclusive.  Venrrrul  tiUorders  are  greatly-  aggrmvi 
by  sewer  emanations.  Parent  du  Chatelet  is  authority  for  the  «t«l«iii 
that  workers  in  sewers  who  persisted  in  the  occupation  when  sufffl 
from  thiH  disease  inevitably  perished.  Two  other  disorders  hare  he«l 
cently  mentioned  in  English  journals  as  being  attributable  to  ih«  effl 
of  drains  and  sewers,  natiiuly,  "  ah»ce»»  of  the  cervical  r/tundMf  u 
tendency  on  the  part  of  ttit^trateti  ntrfaces  to  become  slug^sb,  an 
yield  to  no  ordinary  management.  Sometimes  these  ulcers  t«kej 
diphtheroid  appearance.*' ' 


b.  Z*i»easet  connected  with  P(Mution  of  Drinkinff-^^aterX 

The  uae  of  water  defiled  by  impurities  from  the  soil,  whett 
drains,  ress|>ools,  i>r  uther  souroea  ^f  decomposing nrgmnie  ntattrr,  isft' 
frequent  mode  of  origin  of  some  diaeaset.  Water  oontaroinat«<i  by  fi 
matters  is  perhaps  the  most  noxious  in  its  effeets.  And  this  is  mon 
pecially  the  case  when  such  matters  are  composed  in  part  of  the  era 
tions  of  persons  sick  of  some  one  of  the  specific  diseases,  such  as  obo 
or  ij-phoid  fever.  The  effects  of  the  use  of  impure  water  mar  bo  ' 
gradual,  and  may  l>e  manifested  by  general  impairment  of  the  bcii 
without  giving  rise  to  any  well-de6ned  disorder.  The  principal  dia* 
which  have  been  attributed  to  thistcause  are  diarrha-a,  dysentery,  cbol 
•tvphoid  fever,  etc. 

Diarrhoea  is  a  very  common  effect  of  the  uae  of  impure  dHnktng^| 
Both  animal  and  vegetable  substances,  especially  the  former,  cool^H 
water  under  certain  conditions  are  capable  of  pnxlucing  this  disaaaEu  S 
age  is  a  frequent  source  of  contamination,  and  its  effects  are  soim'what 
culiar  when  the  degree  of  impurity*  la  very  ooosidenibli".  f'arkes,  G 
Oldekop,  and  others  have  noticed  in  such  cases  that  the  symptoms] 
take  of  the  nature  of  cholera,  vomiting,  purging,  colic,  and  even  Ion 
heat,  being  not  uncommon  chararit^rislir-s  of  the  affection.  S^rtsce 
purities  washed  into  shallow  wells  by  heavy  rains  hav«  Oftused  an  < 
break  of  diarrhma.  An  instance  of  this  kind  occurred  in  Pn^fue  in  If 
The  water  from  grave-yards,  which  contains  animal  organic  mauei 
known  to  have  given  nse  to  attacks  of  diarrhuia. 

Outbreaks  of  QyaenUry  have  been  traced  to  polluted  drinking 
especially  such  as  contains  animal  impurities.     Water  conlarair 
sewage-matters  from  leaky  cesspools  and  drain*pipes,  by  6llh  p«D6 
the  soil  about  dwellings  and  gaining  access  to  welis,  by  impuriliea  waa 


^  The  Med.  Record.  1878,  p.  438. 
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into  shallow  welU  by  hcary  nxns,  and  by  the  draina^  from  cemeteries, 
has  been  demonstrated  over  and  over  again  to  be  a  means  of  disseminat- 
ing this  diaeaae.  The  discharges  of  patients  affected  with  dysentery  are 
known  to  be  infectious,  and  if  admitteil  into  drinking-water  will,  in  all 
probability,  have  the  effect  of  communicating  the  disease. 

From  the  abundant  evidence  at  hand,  there  can  no  longer  be  any 
doubt  that  water  is  a  medium,  if  not  the  principal  one,  through  which  the 
poison  of  cholera  is  conveyed.  Since  Dr.  Snow  first  announced  his  views, 
in  1849,  respecting  tho  propagation  of  cholera  by  polluted  water-supply, 
founded  on  facts  gathered  at  Uorsleydown,  Wandsworth,  and  other  places, 
and  subsequently  confirmed  by  the  evidence  in  tlie  famous  and  conclusive 
Hroad-street  pump  case,  other  arnl  abundant  evidence  of  tho  moat  un- 
equivocal character  has  been  collected,  which  goes  to  substantiate  this 
opinion,  and  now  many  of  tho  former  opponents  of  the  theory,  among  them 
Pettenkofer,  admit  that  this  mode  of  conveyance  of  chclera  may  occasion- 
ally happon.  On  the  other  hand,  many  competent  observers,  especially  in 
Germany,  have  failed  to  throw  the  weight  of  their  authority  in  favor  of 
this  view.  The  evidence  in  the  Cases  of  epidemic  prevalence  of  this  dis- 
ease in  ^funich,  in  Saxony,  in  Baden,  and  in  the  small  towns  near  Vienna, 
does  not  seem  to  be  in  favor  of  the  spread  by  water.  While  tins  negative 
evidence  should  be  allowed  to  have  duo  weight,  it  should  not  be  permitted 
to  supplant  the  abundant  uiid  authentic  positive  evidence  of  the  English 
observers.  But  Germany  is  not  without  instances,  reported  by  very  com- 
petent investigators,  which  go  to  show  that  outbreaks  of  cholera  are 
L traceable  to  pollution  of  drinking-water  by  sewage. 
The  evidence  from  India  is,  in  the  main,  confirmatory  of  the  same  view. 
Drs.  Macnamarn,  Tnwn.send,  and  Cleghorn  have  all  given  some  strong 
proofs  of  the  fact,  that  dissemination  of  the  disease  is  largely  dependent 
on  water-fouling. 
Striking  instances  of  cholera -propagation  by  the  aid  of  polluted  well- 
water  have  been  furnished  by  other  eountries.  Dr.  Ballot^s  report  on  the 
spread  of  cholera  in  Holland  shows,  that,  in  all  those  towns  in  which  rain- 
water alone  was  drunk,  there  were  either  no  cases  of  cholera,  or  verj*  few 
Stngie  cases,  and  these  were  supposed  to  have  been  imported  ;  while,  on  the 
other  hand,  whore  the  water-supply  was  derived  from  the  canals  and  wells, 
both  highly  polluted  with  sewage,  the  disease  prevailed.  "  M'lieu  plaees 
affected  by  the  cholera  were  supplied  with  pure  water,  instead  of  tl-.e  viti- 
ated water,  the  disease  disappeared.^*  During  tho  epidemic  which  pre- 
vailed extensively  throughout  that  country,  the  city  of  Amsterdam,  whieh 
is  supplied  with  rain-water  carefully  collected  and  distributed,  had  only  4 
deaths  per  1,000,  while  in  other  cities  and  towns  supplied  with  the  water 
from  the  polders,  or  from  the  canals,  the  rate  of  mortality  was  from  16.8 
to  17.7  per  1,000.'  This  country  has  contributed  cases  in  support  of  the 
influence  of  foul  water  in  spreading  cholera.  Dt.  Chandler  mentions 
cases  connected  with  the  epidemic  of  IHGti.     The  prevalence  of  the  dis- 
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eas6  in  a  village  near  the  Central  Park,  New  Yoric,  was  traced 
polluted  water  of  thf  rillag'e-wel).    So  also  in  the  case  of  the  Van  Hnw 
street  pump,  Brooklyn,  which  supplied  over  fifty  families,  among  wfa* 
ihe  disease  spreati  until  the  furthi^r  use  of  the  water  was  prerent«(^| 

Tiie  fact  t  hftt  the  mortality-rate  from  cholera  in  districts  aupplied^ 
impure  water  li&s  been  very  considerable,  while  in  other  districts,  situat 
in  tlie  same  locality,  and  placed  under  similar  conditions,  cxoept  tbftt  t 
water-supply  was  from  a  source  less  liable  to  contamination,  it  hi 
very  slight — is  evidence  in  favor  of  this  mode  of  sprcadin|t  the  rlii 

Dr.  Simon  has  shown,  that,  in  Ixmdon,  the  houses  supplied  wit! 
drawn  from  the  river,  after  it  had  been  p<dlutpd  hy  a  large  quantity 
newagi',  furnislnMl  a  desth-rate  from  cholera  equal  to  13  per  l,orx>;  while 
other  houses,  situated  uuder  quite  similar  circumstancea,  except  that  ih 
were  supplied  with  a  pure  water,  the  rato  was  only  3.7  per  l,riO0.  Fran 
land  furnishes  a  number  of  illustrations  of  this  very  point.'  Simil 
fvidenco  has  In-en  presented  l>y  ScliiefTerdeckor  in  connection  with  t 
great  epidemics  of  cholera  which  have  visited  Kunigsberg-  from  1831 
I66ti,  in  which,  out  of  5,543  persons  attacked,  5,671  persons  dietL  It  n 
found  that  the  inhabitants  of  those  districts  of  the  city  which  were  sn 
plied  with  impure  drinking;-wai<'r  from  the  river  Pre^l  and  from  we 
were  those  chietly  attacked,  while  those  supplied  with  pure  water 
separate  system  scarcely  sufTeretl  at  all.  (T^ffert.)  This  samu  fa 
attested  by  the  ex|wrience  in  Berlin,  in  18G6,  the  year  of  the 
dcniic  of  cholera.  The  disease  occurred  in  .1C.6  per  cent,  of  the  bous 
supplied  with  gooil  water,  while  in  the  houses  with  bad  water  the  prop 
tion  amounted  to  52.3  per  cent,     (Parkes.) 

The  freedom  of  towns  from  cholera  during'  its  general  prevalent 
when  such  towns  are  provided  with  a  water-supply  free  from  ordiris 
sources  of  contaminstion;  and  thf  fact  that  places  wliioh  were  ravRmrl 
fnnner  visitatifins  of  tlip  disease  have  escaped  at  it«  aubsiM^uent  retqn 
after  the  introduction  of  irood  drinking-water;  and  also  ihr  fact  nf  t 
nbatcraent  of  outbreakH  following*  the  use  of  pure  water — are  alt  ftfs 
ments  favf>rablf'  to  the  theory  that  drinking-water  is  a  potent  eleinoiit 
the  diftsemi nation  of  cholera.  The  death-rate  from  cholera  has  gay 
diminished  in  Calcutta  since  a  better  sapply  of  potable  water  ha^H 
Mociired  for  that  city.  Pettenkofer  stales  that  enliro  towns  in  Germoa 
which  suffered  severely  In  former  epidemics,  have  entirely  escsjK'd  tl 
disease  during  the  late  visitations;  and  he  attributes  the  result  tothornu^ 
and  efficient  drainage  and  purification  of  the  water-supply.*  Kxctor,  Hoi 
Newoastle-on-Tyne,  Glasgow,  anrl  Moscow  aro  similar  inatancea,  whk 
have  been  mentioned  by  Dr.  Parkes.  Strong  evidence  of  a  similar  oht 
iicter  has  been  brought  forward  by  Or.  Forater,  He  shows  that  i^^ 
towns  in  Silesia  in  which  the  water-supply  is  hrouglit  from  a  di«^| 
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Bud  IB  protected  from  contAminatinn^  there  is  An  absenfie  of  tins  diseaso, 
;tiid  that,  when  imported,  it  never  spreads  in  these  looalities.* 

There  is  no  proof  that  cholera  may  be  produced  by  water  uncontami- 
iiated  with  cholera  evacuations,  though  it  is  probable  that  the  use  of  water 
i-ontaining  organic  impurities,  by  causing  a  eonstant  tendency  to  diarrhura 
ftnd  by  lowering  vitality,  predisposes  to  this  disease. 

In  typhoid /every  as  in  dysentery  and  cholera,  fatcal  evacuations  fomi 
the  chief  medium  of  communicating  the  disease.  The  poison  developed 
fluring  putrefaction  of  the  alvine  dejections  is  propagated  by  means  of 
water  as  well  as  air.  Says  Sir  W.  .Tenner,  in  speaking  of  infection  from 
flrijiking-water:  '*The  spread  of  typhoid  fever  is,  if  possible,  less  disput- 
able than  the  spread  of  cholera  by  the  same  means,  Solitary  cases,  out- 
breaks confined  to  single  housfis,  to  small  village:*,  and  to  parts  of  large 
towns — cases  isotate<l,  it  seems,  from  all  sources  of  fallacy — and  epidemics 
affecting  the  inhabitants  of  large  though  limited  localities,  have  all  united 
to  support,  hy  their  testimony,  the  truth  uf  the  opinion  that  the  admixture 
of  a  trace  of  fji^cal  matter,  but  especially  the  bowel  excreta  of  typhoid 
fever,  with  the  water  supplied  for  drinking  purposes,  is  the  most  cflictenL 
cause  of  the  spread  of  the  disease,  and  that  the  diffusion  of  the  disease, 
in  any  given  locality,  Is  limited,  or  otherwise,  and  just  in  proportion  as 
the  dwellers  of  that  locality  derive  their  supply  of  drinking-water  from 
polluted  sources.*' 

There  are  a  great  number  of  instances  on  record  which  tend  to  show 
the  conneotion  of  typhoid  fever  with  excremental  pollution  of  drinking- 
water.  The  soakage  from  sutls  charged  with  sewage  and  excrenientaJ 
matters  is  a  very  common  source  of  pollution  of  well-water.  This  is  not 
surprising  when  we  consider  how  little  precaution  is  taken  to  prevent  the 
filth  from  privies  and  drains  and  the  defiled  surface  about  houses  from 
soaking  into  the  surrounding  soil,  from  which  these  foul  matters  Hnd  their 
way  into  the  water  of  wells  used  for  drinking  purposes.  Not  only  the 
water  of  weUs,  but  that  supplied  to  towns  by  aqueducts,  has  been  the 
means  of  spreading  the  diaease.  In  the  latter  case,  as  would  be  supposed, 
the  extension  of  the  disease  has  been  more  general. 

Sudden  outbreaks  of  typhoid  fever  have  been  caused  by  an  irruption 
of  sewage  into  wells  from  a  break  in  a  cesspool  or  drain,  or  from  a  soil 
ia  which  the  matter  bad  gradually  been  accumulating.  In  this  oonneotioa 
it  is  interesting  to  note  that,  when  the  poison  is  imbibed  with  water,  the 
incubative  period  is  usually  short;  and,  as  Dr.  Rudd  remarks,  this  mode 
of  infection  is,  in  all  probability,  much  more  certain  than  when  the  puison 
is  spread  through  the  medium  of  the  air.  The  outbreak  of  fever  which 
occurred  at  Cowbridge,  in  Wales,  in  1863,  presented  this  fact:  that,  out 
of  nearly  one  hundred  persons  who  attended  a  ball  at  the  town  inn,  more 
than  one-third  were  shortly  afterward  attacked  with  the  disease.  There 
was  good  reason  for  supposing  that  the  water  used  on  that  occasion  was 
polluted,  although  a  chemical  examination  had  not  been  made.' 

'  Die  Verbreitiinir  der  Cholera  darch  die  BronneQ,  Brealaa,  1873. 
'  Farkes'  Practical  Hj-gi«&e,  1878,  note,  p.  40. 
Vol.  L—Uti 
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The  outbreak  of  typhoid  tever  at  a  convent  in  Munich,  i 
traced  to  the  defilement  of  wells  by  acwage  containing  typhoid  dejectxoc 
Thirty-one  ouf  of  one -hundred  and  twenty  of  the  inmates  were  affect 
with  the  Cover,  and  four  of  tbcm  died.  It  ia  of  interest  to  note  that  t1 
disease  disappeared  after  the  water  ce&sed  to  bo  used.  Ur.  Clifford  A 
butt  records  a  case  which  occurred  at  Ackwortb,  in  1370,  where  thewat 
of  a  well,  polluted  with  sewage,  cauued  an  outbreak  of  the  d'^A*»ft  m 
after  its  special  pmllution  by  the  discharges  of  a  patient  who  bad  b* 
brought  home  to  the  village  while  suffering  from  the  fever. 

Another  in^tance^  reported  by  the  same  observer,  and  quoted  by  W 
son,  occurred  at  Bramham  College,  Yorkshire,  in  Mareh,  1809  i 
appears  that  two  of  the  pupils  were  laid  up  with  enteric  fever  in  Feb 
but  circumstances  showed  that  they  must  have  contracted  the 
before  their  arrival  at  Bramham.  Towards  the  end  of  March,  ninete 
fresh  oases  occurred,  and  all  of  them  about  the  same  time.  This  sudd 
outbreak  clearly  pointed  to  some  common  cause  which  most  have  been 
operntion,  and  it  was  then  discovered  that  the  well  used  to  sopplj  drin 
ing-wator  was  contaminated  by  sonkage  from  a  soft-water  tank,  into  whj 
sewage -matter  has  passed  frt>m  n  broken  water-closet  pipe.  The  d 
charges  of  the  Brst  two  patient.^  had  also  passed  into  this  tank,  and  hi 
doubtless  been  tlie  cause  of  the  outbreak.  Another  important  fact  oc 
nected  with  tins  outbreak  was  the  distribution  of  the  disease  among 
the  pupils,  it  being  confined  to  those  who  drank  water,  while  those  vl 
drank  l>ecr  escaped.  As  the  same  water  was  used  for  cooking  purpow 
it  would  thus  appear  thai  the  poison  must  have  been  destroyed  by  bo 
ing. 

Dr.  W'ohlrab  mentionti  a  case,  somewhat  aimUar  to  one  of  those  i 
ported  by  Dr.  Allbutt,  in  which  an  outbreak  of  the  disease  followed  ti 
defilement  of  drinking-water  by  the  alvine  dejections  of  a  j>crson  who  hi 
contracted  typhoid  fever  elwiwhere.  Parkes  considers  the  case  of  tl 
village  of  Nunney,  recordcfl  by  Ballard,  as  furnishing  very  strong  eviden 
in  favor  of  the  origin  and  propagation  of  the  disease  by  a  specific  (KMSO 
The  inhabitants  of  this  village  had  been  in  the  habit  of  xiaing  highly  p< 
luted  water  for  years  without  cjiusiing  flu*  fever,  when  a  j>erBori 
from  the  fever  came  from  a  distant  place,  and  the  ilisctiarges  ir  . 
person  were  %vaahed  into  the  stream  from  which  the  village  drew  its  aopp 
of  drinking-water.  The  result  was  that  "  between  Jun«  and  Octoh* 
18T2,  no  less  than  seventy-six  oases  occurred  out  of  a  jMipulation  of  K 
persons.  All  those  attacked  drank  the  stream-water  habitually  or  ooc 
sionally.  All  who  used  filtered  rain  or  well  water  es^-Apod,  except  one  faffli 
who  used  the  water  of  a  well  only  four  or  five  yards  from  the  brook 
Dr.  Parkes  further  remarks,  that  "  the  case  ficems  quite  clear — first,  th 
the  water  caused  the  disease;  and,  secondly,  that  though  polluLrd  wii 
excrement  for  years,  no  enteric  fever  appeared  until  an  im}>orted  on 
introduced  the  \nnia.  Positive  evidence  of  this  kind  seems  oonclusiv 
and  I  think  we  may  n<iw  safely  belftvn  that  the  presence  of  typhoid  evacu 
tions  in  the  water  ia  necessary-,     (.'ommon  fwcal  matter  may  produc 
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rboea,  which  may  porhaps  be  febrile,  but  for  the  production  of  onterio 
fever  the  specific  agent  must  be  present.*' 

It  ia  very  eWdent  that  water  oontamiDatefl  with  sewage  containing' 
typhoid  dejections  will  cause  the  disease;  but,  on  the  other  hand,  it  is 
eontondcd  that  the  presence  of  the  typhoid  poison  derived  from  the  ex- 
creta of  a  person  already  suffering  from  the  disease  is  not  a  necessary 
conditioo;  that  wat^r  polluted  by  sewage  can  disseminate  the  disease  in- 
dependently of  typhoid  excreta.  Numerous  cases  liave  been  reported 
from  time  to  time,  which  seem  to  strongly  support  this  view. 

Again,  there  are  thoRo  who  hold  the  view,  that  enteric  fever  may  be 
disseminated  by  drinking-water  contaminated  with  other  forms  of  decom- 
posing organic  substances  besides  fsecal  niattt^r.  Such  authorittejt  as  Mur- 
ohison,  Uriesinger,  Niemeyer,  Liebermeister,  Hudson,  and  Stewart  sup- 
port the  view  of  the  imicpcndont  origin  of  enteric  fever — that  is,  that  this 
disease  "  may  be  generated  independently  of  a  previous  case  by  fermenta- 
tion of  fsecal  and  perhaps  other  forms  of  organic  matter."  While, on  the 
other  band,  von  Giell,  W.  Budd,  Parkes,  and  others  believe  that  the 
presence,  in  the  water,  of  the  specific  agent  derived  from  the  stools  of  an 
individual  already  suffcrinf^  from  enteric  fever,  is  necessary  for  the  pro- 
duction of  the  disease.  Be  this  as  it  may,  the  oonolusion  Is  inevitable, 
and  it^j  relations  to  preventive  medicine  should  not  he  undervalued,  that 
water  exposed  to  the  danger  of  contamination  by  sewage  or  other  forms 
of  6)th  should  bo  regarded  with  the  gravest  suspicion,  as  neither  chemical 
analysis  nor  microscopic  examination  has  been  able  ti^>  detect  the  subtle 
poison  to  which  the  fever  is  attributed.  M'^ater  which  is  unobjectionable 
to  the  senses  of  sight,  taste,  and  smell  may,  nevertheless,  contain  the 
morbilto  agents  capable  of  propagrating  this  and  other  forms  of  disease. 
It  is  therefore  of  the  greatest  importance  to  the  health  of  a  community 
that  the  strictest  scrutiny  should  be  exercised  w^ith  respect  to  the  supply 
gf  drinking-water.     All  possible  sources  of  impurity  should  be  promptly 

noved,  and  every  effort  made  to  secure  an  abundant  and  pure  water; 
or  it  is  clearly  evident,  that,  to  maintain  the  health  of  a  fommunity,  one 
of  the  primary  considerations  is  an  abundant  supply  of  water  from  which 
all  possible  dangers  of  contamination  have  been  excluded. 

In  conclusion,  it  riiay  be  remarked  that  yellow  fever,  diphtheria,  ulcer- 
ated sore-throat,  erysipelas,  and  the  "  low  fever"  of  country  districts  have 
all  been  attributed  to  impure  water-supply;  but  there  is  not  suflioient  evi- 
dence at  present  to  sustain  this  belief. 

Disii\fection  of  Excrtta} 

Under  ordinary  circumstances,  when  healthy  excreta  are  removed 
promptly  and  efficiently,  disinfection  is  not  required.  But  when  these 
effete  matters  ar«  retained  alxmt  premises,  and  are  accumulated  in  cess- 
poots  and  privies,  it  is  advisable  to  make  use  of  chemicals  to  prevent 
decomposition  and  the  evolution  of  offensive  and  hurtful  effluvia.     The 

'  See  chapter  on  Disinfectant*. 
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ftlvtne  (jvacuatious  of  pcrsous  suffering  from  iafe<:tJouft  diseases  shot 
always  bo  disinfected,  no  matter  how  complete  may  be  the  moans  for  I 
moving  the  excreta.  The  reason  for  this  procedure  is  obvious  when  it 
known  that  the  fu>oaI  dejections  of  the  sick  are  the  chief  medium  of  pre 
agating  certain  of  these  diseases  from  man  to  man.  There  is  the  vc 
best  reason  for  believing  that,  if  this  practice  were  always  scrapolou 
observed,  a  vast  amount  of  needless  sickness  and  suffering  would  bo  pi 
vented. 

It  has  already  been  seen  that  the  spread  of  cholera,  enteric  fev 
dysentery,  and  some  other  diseases,  is  associated  with  circumstanoes 
oxcremcntal  filth.  The  eontagium  is  known  to  exist  in  the  discfa«rg 
from  the  bowels^  and,  under  favorable  uiroumstanres,  may  be  the  meuia 
propagating  tlie  infection  from  the  sick  to  the  well 

"Choleraic  discharges,  tf  cast  away  without  previous  disiafecti< 
impart  their  own  Infective  quality  to  the  cxcrcmental  matters  with  whi 
they  mingle,  in  drains  or  ccaapools,  or  wherever  elst!  they  may  flow 
soak,  and  to  the  effluvia  which  those  matters  evolve;  that  if  the  chole 
oontagtum,  by  leakage  nr  snakagc  from  drains  or  cesspools,  or  otherwi 
gets  access,  even  in  small  quantity,  tu  wells  or  other  sources  of  drinktn 
water,  it  infects,  in  the  most  dangerous  manner,  very  largo  volumes 
the  fluid;  that  in  the  above-described  ways  oven  a  single  patient  wi 
alight  choleraic  diarrhoea  may  exert  a  powerful  infective  influenoo 
masses  of  population  among  whom  perhaps  his  prcscDce  is  unsaspectM 
In  the  same  manner  the  evacuations  in  typhoid  fever  and  perhaps  oti 
diseases  are  capable  of  communicating  tlicir  own  infective  quality  to  a 
ordure  with  which  they  may  come  in  txmtact,  whether  in  drains,  cesspoc 
or  privy-wells. 

Says  Dr.  Simon :  "  The  argument  which  applies  to  the  bowel -discbaii 
of  cholera  and  enteric  fever,  and  which,  in  regard  of  them,  rests  on  a  ve 
large  quantity  of  detailed  evidence,  seems  to  extend  by  extremely  atro 
analogy  to  every  disease,  whether  nominally  'common*  or  'spetnfi 
in  which  tbe  human  intestinal  canal  is  the  seat  of  infected  cbangi 
chiefly  perhaps  to  such  diarrhccal  and  dysenteric  infections  as  are  i 
clusivcly  or  distinctively  intestinal,  but  likewise,  I  apprehend,  more 
less,  (o  every  general  infection  (such,  for  instance,  as  scarlatina)  in  pi 
portion  as  it  inclusively  infects  the  bowels;  and  it  would  thus  seem  pre 
able  that  air  and  water,  having  in  them  the  taint  of  human  cxcreme) 
must  often  carry  with  them,  whithersoever  they  pass,  the  seeds  of  co 
morbid  infections.'* 

Such  being  the  case,  it  is  important  to  guard  against  thv  dang 
increasing  the  sources  of  communicating  disease,  by  promptly  and  tht 
oughiy  disinfecting  the  intestinal  discharges  in  all  cases  of  diaeace 
which  there  is  the  least  suspicion  of  this  mode  of  propagation  ;  and  «u 
agents  only  should  be  employed  aa  arc  capable  of  destroying  not  tamn 
the  8|>eci6c  contagia  contained  in  the  matters  thus  thrown  off  from  t 
body,  but  also  the  material  in  the  stools  out  of  which  the  infoctioua_ 
tioles  may  be  evolved. 
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*' It  is  requisite,"  says  Dr.  Carpenter,  "to  deal  with  the  particles  of 
eontftgion  at  their  fnuntain-head;  to  ant  upon  the  nest-eggs  freely  as  thoy 
come  from  the  patient;  to  apply  as  much  as  one  or  two  per  cent,  of  the 
material  used  to  the  material  to  be  acted  upon,  before  it  can  find  a  new 
habitation,  in  which  it  may  increase  and  multiply  to  an  indefinite  extent, 
if  not  80  acted  upon." 

Insufficient  disinfection  ia  too  frequently  practise,  the  substances 
used  often  being  comparatively  inert,  or,  if  effective,  being  jjsed  in  too 
limited  quantity.  The  object  is  to  immediately  neutralize  the  infectious 
matter,  and  to  this  end  it  is  most  important  tliat  the  agents  should  be 
v>eU  »elect€d,  freely  used,  and  thoroughly  incorporated  vf'ith  the  matters  to 
be  acted  upon. 

Various  chemical  substances  have  been  used  to  accomplish  this  object. 
The  most  prominent  among  them  arc  OArbolic  acid,  chloride  of  zinc,  sul- 
phate of  iron,  oupralum,  and  chloride  of  iron. 

The  evacuations  should  be  received  at  their  very  issue  from  the  body  in 
a  vessel  containing  about  half  a  pint  of  either  of  the  following  solutions: 

A  solution  of  four  ounces  of  carbolic  acid  {Calvert's  No.  4  or  No.  5) 
in  a  gallon  of  (warm)  water. 

A  solution  of  one  quart  of  chloride  of  zinc  (Burnett's  (luid  =  25  grain*; 
of  the  salt  to  every  fluid  drachm)  in  three  quarts  of  water. 

A  solution  of  two  pounds  of  sulphate  of  iron  (green  copperas)  in  a 
gallon  of  water.  A  solution  of  one  quart  of  "  strong  solution  of  per- 
chloride  of  iron  '*  in  a  gallon  of  water. 

Ia  addition  to  the  above  chemical  agents — which  are  the  most  reliable 
— other  substances  have  boon  used,  such  as  sulphate  of  zino,  sulphate  of 
copper,  chloride  of  aluminium,  chloride  of  lime,  perroanganate  of  potas- 
sium, stfong  carbolic-acid  powder,  and  terebene  powders  =  feralum  and 
cupralum,  the  latter  consisting  of  sulphate  of  copper,  alum,  a  little  bi- 
chromate of  potassium,  and  terebene. 

To  disinfect  water-closots  and  sinks,  use  may  be  made  of  any  of  the 
above-mentioned  solutions,  of  which  a  pint  may  be  poured  down  the 
place  two  or  three  times  a  day.  The  ctinstant  disinfection  of  watcr-closiHa 
can  be  accomplished  by  the  use  of  sonic  one  of  the  automatic  disinfcctors 
already  dcKcribed. 

Privy-wcUs  and  cesspools  maybe  disinfected  by  the  use  of  largo  quan- 
titiea  of  the  metallic  salts,  preferably  chloride  of  zinc  and  sulphate  of  iron. 
A  solution  of  two  pounds  of  the  sulphate  of  iron  in  a  gallon  of  water,  or 
of  one  pint  of  Burnett's  solution  of  the  chloride  of  zinc  in  a  gallon  of 
water  (to  each  of  which  two  ounces  of  strong  carbolic  acid — Calvert's  No.  5 
— may  be  added),  are  of  the  strength  ordinarily  used  in  disinfecting  the  con- 
tents of  privies  and  cesspools.     Unless  freely  used  their  power  iB  wasted. 

To  accomplish  a  thorough  disinfection,  as  much  as  one  pint  of  any  of 
these  solutions  must  be  used  to  each  cubic  foot  of  contents. 

The  disinfection  of  sewage  has  been  discussed  elsewhere.' 


'  See  leotion :  The  DlspoMl  of  Sewag«. 
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Under  this  title  the  air  we  breathe,  and  which  forms  the  medium  in 
which  we  live,  will  be  conaidored  in  a  variety  of  aspects. 

For  convenience,  the  following  general  order  will  be  observed  in  treat- 
ing the  subject: 

I.    NOBMAL    COMPOyENTR    OP     AlR — OxTGBN,     NlTHOflEW,     CaRBOSIO 

Acid.     Water  will  be  conBidcred  in  a  later  section,  under  Meteorology. 

n.  Impiritibs,  Oroamic  and  Inorganic,  with  some  special  injuricii 
due  to  them. 

III.  Metkoroi.oov  and  Ci.imatr. 

IV.  Ventilation  and  Ukating. 


Composition  op  the  Atmosphrrr. 

There  is  no  ab.solntely  normal  composition  of  the  air  wo  hroathfl;  or, 
if  there  be,  it  is  not  at  present  known.  It  contains,  however,  in  all  casea, 
unless  under  purely  artificial  conditions,  two  esMHticU  elements,  nearly 
(perhaps  quite)  invariable  under  normal  oiroumstanccs,  and  Irco  accessort/ 
elements,  which  vary  extremely  in  amount,  but  arc  practically  never  ab- 
sent. The  first  two  are  oxygen  and  nitrogen  ;  the  other  two,  carbonic 
acid  and  water.  Without  either  of  the  first  two,  air  could  not  exist  ; 
without  the  last  two,  air  is  scarcely  found  in  nature.  Their  association, 
furthermore,  forms  not  a  chemical  union,  but  a  simple  mechanical  mixture. 

Oxygen  is  the  absolutely  essential  clement  for  the  support  of  animal 
life.  Its  functions  in  this  respect  will  be  described  elsewliere.  JV^trofjeti 
seems  to  act  in  the  animal  economy  purely  as  a  diluent  or  vehicle  for  the 
administration  of  oxygen. 

Carbonic  and  is  far  from  such  an  indifforcnt  agent;  it  is  essential, 
but  not  to  the  animal  kingdom,  as  far  as  known.  To  man  it  is  simply 
a  superfluous  ingredient,  harmless,  when  in  moderate  amounts  ;  to  the 
vegetable  world,  on  the  contrary.  It  is  a  food  which,  together  with 
water,  often  suffices  to  support  the  entire  life  of  a  plant.  Plence,  as 
related  to  life,  in  its  broadest  sense,  the  air  may  be  said  to  be  composed 
of  nitrogen,  oxygen,  and  carbonic  acid;  and  this  statement  is,  on  some 
accounts,  preferable  to  that  which  admits  only  oxygen  and  nitrogen. 
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Certain  other  suhstniicos,  as  ammonia,  nitric  acid,  eta,  are  not 
able  tu  luau  liirevily,  and  are  hy  uu  means  eunHioiitlv  present  in  air. 

Waler,  in  a  gaseous  fomi,  is  contained  in  the  air,  adding  verjr  little  Id 
its  bulk.  Speaking  popularly,  it  is  said  to  be  held  in  solution  by  the  air. 
Its  value  will  be  made  the  subject  of  future  remark.  It*  grejii  variaiiotu 
in  amount,  however,  place  it  lii  a  different  relatioD  from  tlia.t  held  by 
nitrogen  and  oxygen,  which,  for  the  uses  of  man,  constitute  alone  (or 
perhaps,  w^e  should  say,  with  carbonic  acid)  atmospheric  air  in  ita  strict 
meaning.  Anothor  point  in  which  ic  holds  a  different  relation  is  the  fad 
that  its  amount  is  entirely  independent  of  that  of  the  other  ingredient*; 
it  does  not  dinfinish  when  they  increase,  nor  viei  verta^  as  is  the  oase 
with  the  comptenicntary  gases,  oxygen  and  carbonic  acid.  Nor  ii  it  t 
vehicle  for  oxygi^n;  but  a  body  of  separate  functions  an<l  laws,  which  wiU 
be  spoken  of  in  a  special  section.  ^| 

The  normal  comjKisition  of  air  has  been  variously  stated.  Earlier  oP 
servers  have  given  figures  slightly  varying  from  those  now  accepted.  A 
very  pure  air  contains  in  100  j>arts  by  measure : ' 

Nitrogen. 78,98 

Oxygen 20.99 

Carbonic  acid 0 .  03 

100.00 

The  mean  of  out-door  air,  as  taken  from  various  specimens,  some  ' 
pure  and  some  not  bo  good,  is  g^ven  by  Smith  at: 

Nitrogen 79 .00     ' 

Oxygen 80,96 

Carbonic  acid 0.04 

100.00 
Oxygen* 

Roughly  speaking,  the  air,  if  pure,  should  contain  ^.99  per  cent,  of 
oxygen;  an  average  air  out  of  doors,  *20.9fi;  while  Liobig  and  Graham 
assume  20.9  as  a  fair  average  for  sir.  "  Very  bad  "  air  U-gins  at  i^^L 
(Smith).  fl 

Other  observers  have  found  varying  results.  Gay-Lusaao  and  H^P 
boldt,  after  many  experiments,  fixed  on  a  mean  of  21.00;  Do  Sauasttce, 
'^1.05;  Berthollet,  Davy,  Tlmmas  Thomson,  Vogel,  and  Hermbstidt,  flM 
i21.00  to  21.59.  Two  observers,  however,  must  be  considered  of  les^Uog^f 
thority,  namely,  Bnnsen,  who  from  28  examinations  of  air  at  Ueidelb4^| 
ranging  between  20.970  and  -20.R4O,  found  a  mean  of  20.924  ;  and  R«p 
nault,  who  from  100  observations  at  Paris  gives  the  mean  of  20.96. 

It  should  be  noted  of  the  latter  aeries  that  all  his  anal}-ses  give  abore 

<  See  R  Anpu  Smltli  on  "  Air  and  Bain."  to  which  I  am  macfa  iodcbtad  la  tUs 
— eUoiL 
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20.9,  except  in  unwholesome  places  with  putrid  waters.     The  following 
tables  are  given  for  further  illustration, 

ANALYSES  BY  REGNAQLT. 

100  specimens  in  Paris 20.913—20.999 

9  '*         from  Lyons  and  around 20.918—20.966 

30  "  "     Berlin 20.908—20.998 

10  "  "     Madrid 20.916—^0.983 

23  "  "      Geneva  and  Switzerland 20.909-20.993 

16  *'  "     Toulon  and  Mediterranean 20.912—20.982 

6  "  "     Atlantic  Ocean ^ 20.918—20.965 

1  "  "      Ecuador 20.960 

2  »'  "      Pichincha,  higher  than  Mont  Blanc, .  20.949—20.981 

Mean  of  all  foregoing. 20.949—20.988 

Mean  of  Paris  Bpeoimens 20.96. 

CLASftlFIKD  ANALYSE.S  OF  .\IR  PROM  SCOTLAND.  1663-'65  {K  A.  SMITH). 

Sea-shore  and  heath mean  20.999 

Tops  of  hills "     20.98 

Bottoms  of  hills "     20.94 

Ail  places  not  inouniainous *'     20.978 

Inferior  parts  of  a  town  (in  favorable,  *.  c,  windy,  weather).       "     20.935 

1  ^ower  nmrshy,  etc.,  places **     20.922 

Korests  .....' "     20.97 

All  together - "     20.959 

Or *^     20.96 

The  following  extracts,  from  a  table  by  Smith,  give  certain  points  for 
contparing  the  numerical  values  with  the  sensible  qualities  of  various  sorts 
of  air  : 

OXYOEy,  PERCENTAGE  IN  VOLUME. 

Scotland,  N.  E.  sensliore  and  open  heath, ' 20.999 

Manchester,  suburb,  wei  day 20.98 

"  "        20.96 

"  outer  circle  of  city  (not  raining) 20.94 

"  in  city  (fog  and  frost) 20.91 

I^ndon,  open  parts,  summer. 20.95 

Sitting-room  feels  close 20.89 

Theatre,  gallery,  10.30  r.M 20.86 

pit,  li..30  p.M ■.  20.74 

Hacks  of  houses  and  closets 20.70 

Court  of  Queen's  Bench  (1860) 20.65 

Mines,  under  shafts  (aver,  of  many) 20.42 

**       where  candles  go  out , 18.50 

"       worst  specimen  yet  examined 18.27 

Very  difficult  to  remain  in  for  many  minutes 17.20 
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AVALTSB3  PBOM  DWELLING- ROOMS  (aMITH). 

Oitmi  iW  JBor  of  »  houM  in  M&nohester  .,.. , 

U  tfe  lilriag  iiwmi,  not  T«ry  closo tM$ 

tm  *  VMT  ^laB  room,  with  a  petroieuni-Ump  burning,  a  good  deal 

■tfiiMigy, 20.R4 

Afcvnkmns. 2(y| 

ll  ii  a  reoarkable  fact  that  the  air  at  ^roat  elevations  has  oft^n  dw 
i  to  contain  less  oxygen  than  was  founil  at  lower  InvelsL.  Oiima 
ault  give  the  mean  of  nine  observations,  taken  at  Pana,a 
inMA  per  cent.,  while  the  mean  of  five,  taken  hy  them  on  the  Faulhorn 
«■•  90.774.  Dr.  William  Allen  Miller  found  air.  procured  from  a  ballooi 
at  thm  be%ht  of  18,000  feet,  in  Aagiut,  18  J2,  to  ountain  20.88,  while  thi 
HfctK  from  near  the  ground  contained  20.92.  Dr.  Krankland  found  th 
airat  tk  Grands  Mulcts  conUining  20.802  (with  0.111  p«r  cent,  of  CX>,) 
m  the  mmmit  of  Mont  Ulanc,  30.063,  with  0.061  of  CO, ;  at  Chamounii 
SL894f  with  U.0G3  of  COf.  Brunner  made  upon  elevated  places  a  series  fl 
«iNefvationE  giving  from  20.750  to  20.867.  These,  and  other  simitar  ol 
wrotiooM,  apparently  confirmatory  of  one  another  in  a  general  way,  pots 
to  MBM  eause, as  yet  unprovEHl,  for  the  diminution  of  oxygen  in  the  uppe 
Hgjcaa  of  air. 

De  Saussure  considered  that  the  facts  rather  pointed  to  an  increuu 
o^rgen  in  the  lower  strata  than  to  a  diminution  in  the  upper,  Tb1^| 
«n*ae  he  ascribed  to  the  action  of  vegetation,  which  is  well  knoii^^ 
oaMRtme  carbonic  acid  and  exhale  oxygen. 

Smith,  however,  proposes  the  converse  hypothesis  ;  he  aasuroes  tha 
die  organic  substsnces  floating  in  the  air  become  consumed,  oxidixed,  b; 
lite  influence  of  ozone,  producing  as  a  result  of  their  combustion  carbonii 
acid. 

Sach  increase  of  carbonic  acid  coincident  with  loss  of  oxygen  appaaxi 
in  Frankland^s  analyses  just  quoted  ;  and  Messra.  U.  and  A.  Sc4il^gtnt 
weil  found  the  carbonic  acid  to  increase  up  to  the  height  of  11,000  fe«l 
"The  diminution  of  the  oxygen  is  probably  a  disadvantage— although  U 
such  a  small  extent  is  it  ko,  that  there  is  abundant  romponsation  in  thi 
purification  consequent  on  the  removal  of  organic  substances.  We  ^ak 
bare,  then,  a  distinct  variety  of  air  on  mountains  differing  from  that  ot^M 
plains.  In  the  one  there  would  be  mure  carbonic  acid  and  less  oxyJH 
with  little  or  no  organic  matter — constituting  mountain  air;  whitat^l 
air  of  the  plains  would  have  more  oxygen,  less  carbonic  acid,  and  moM 
organic  matter." '  , 

In  the  mountains  of  Scotland,  however,  air  collected  from  the  topi 
areraged  20.98  per  cent.,  while  that  from  the  bottoms  averaged  20,M ; 

'  A.  MRain  dimtniitioa  in  the  proportioa  of  oxygea  at  irreat  height*  above  th«  cailft 
It  to  be  expected  in  accortliuiue  with  Dolton'n  and  Mariutti'n  taws.  Thia  ri«w  u  ■* 
tiiand  vpon  theoretical  grouuds,  hy  Hadq,  iu  the  Zeitsehfitt  der  osMarraiobiMba 
fla^Ttoluft  for  Meteoralosie,  Bd.  X.,  1B75,  p.  d5. 
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and  a  l^rg^  number  of  obaervaiions  from  districts  noC  mountaJnouB  or 
only  partly  so  averaged  20.978.  This  seeming  exception  may  be  due  {it  is 
suggested)  to  the  fact  that  thc^  mountains  of  Scotland  are  not  very  high 
— the  highrrtt  not  altainiiij|jr  iti  4,500  feet ;  and  perhaps  also  to  the  close 
tii)ighborhoo<l  of  the  sea,  which  would  furnish  by  a  direct  transference  over 
a  few  miles  an  air  of  nearly  identical  coraposUion.  The  mountain  regions 
which  give  low  percentages  of  oxygen  He  inland,  where  the  air  may  be 
RuppoAod  to  have  taken  up  organic  matter  from  the  surrounding  country. 

Tlie  air  of  the  German  Ocean,  as  given  by  Lewy,  contained  from  20.423 
to  21.010.  These  analyses  were  made  by  the  aid  of  the  balance  ;  when, 
on  the  other  hand,  he  tested  by  explosion  by  hydrogen,  he  obtained  for 
the  Atlantic  Ocean  (in  mean  of  33  analyses)  a  range  from  20.90074  to 
21.00099. 

There  is  a  good  deal  of  evidence  in  favor  of  adopting  the  analysis  for 
oxygen,  instead  of  that  for  carbonic  acid,  as  a  test  of  purity.  The  test 
would  be  an  absolute  one  if  we  could  be  sure  of  the  uniformity  of  the  pro~ 
portion  of  oxygen  in  pure  air.  Taking  this,  as  we  probably  may,  for  granted, 
we  can  say  that  the  carbonic  acid,  in  most  cases,  increases  directly  at  the 
expense  of  the  oxygen  of  the  air,  and  that,  therefore,  a  diminution  of 
oxygen  points  logically  to  an  increase  of  carbonic  acid.  There  is  this 
disadvantage  in  adopting  the  oxygen  test,  that  it  removes  from  view 
accidental  impurities,  such  as  the  discharges  from  ohimneyS]  which  are  cer- 
tainly important. 

Special  illustration  of  the  way  in  which  oxygen  diminislies  under  con- 
taminating iuflueucea  is  furnished  in  the  following  tables  of  air  from 
cities : 


ANALYSES  OF  L0N1>0N  AIR  (flMITH). 

Middle  of  Hyde  Park,  average 3L005 

Parks  and  open  places,       " 30.95 

W.  C.  and  \V.  (including  some  parks) 20.925 

E.  and  E.  C.  "  "  "      20.86 

8.  and  S.  W.  «  "  «      20.883 

N.  and  N.  E 20.857 

Metropolitan  Railway 20.70 

MANCHESTER   (SaOTH),  FROM  THIRTT-TWO  OBSERVATIONS  HADE  AT 

LABOOATOnY. 

In  very  wet  weather,  in  front  of  building. 20.98 

.\verage  of  all  thirty-two 20.947 

Behind  building,  in  medium  weather. 20.936 

In  foggy  frost,  when  the  smoke  of  Manchester  had  Uttle  exit  from 

the  town 20.91 

Over  ash-pits 20.706 

In  the  open  parts  of  Glasgow  the  average  was  found  to  be  20.9293 ; 
in  the  closer  parts  20.8890. 


:r  ±:.  I  a.  h:i:f  tiiiitfs  as  irrt'at  i 


r.    '.     ~  A'l'.'tropie   Ox*j'jfii. 

.    -  ■  ;.■■-;  :r'rr.  oivjjen  by  a  varietv  of 

!._  -  ?    :::-»!is**  aciivity.  far  more  than  t 

-'ZT.-*  in  tho  air  never  oxcimmIs 
-     .:  ■:!  •?n:ir»?Iy  waiitin>r.     The  firs 

^_   v~i::r.  his  assumoil  a  rii^w  si»t 

.7".  :t"  -^  . :'  the  action  of  electricity,  i 

■    „       :::.»js»-i   Li  r^!:iaininj  ilio  same.    "It  is 

-    •      -.  c-  ■.  '-  w^'-ich  three  volumes  are  cc 

_:r-:-    •-  r.-z    "-  ^  different  polar  cunditior 

^         .  : —        ':*  zioiecular  weijjht   is  4r?,  thi 

-,      -  L;  "i^es  that  of  common  oxygei 

—     -     -  — oisture  at  "-ir^^  F..  but  de 

■■  -..  .  -        :-  v.  i.3*y  to  oOf>^  F.,  the  ozone  be 

.    -    '.      -.  ■  T-..^r.:Iy  soluble  in  water.     A 

— .^.  :i-:.;".e  of  ozone  (Carius).     It  i 

~         ,  -i'l  -* "  ■     In  its  sensible  pro|K» 

^       >r'  *.:Ar  c-iior  of  phosphorus,  like  tl: 

i.  ;^'  w  i:  •  irious  ways  ; 

.  ..  ^-.iv      ^~-i  *iient  passage  of  electricity  t 

--.  .  .   ^-sc  liipieJ  for  its  generation.     Tl 

,    3«.^     !-:»  v'sief  source  in  nature  is  atmc 

^    ,  ,^:ec»ri'i  '^y  passing  electricity  through 

,^  .^    -»  ir  ibe  positive  pole  of  the  batte 
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(Muntegazza);  it  is  al»o  produced  by  contact  with  the  juicos  of  fungi 
(Schonbcin,  Phipsoii),  and  during  all  processes  of  fernientJitioii,  putrofac- 
tion,  or  decay  (PhipKon).  It  also  originates  during  curtain  ullier  pro 
cesst^s  of  combustion  and  nuscent  action. 

The  following  rc'sumu  of  its  laws  of  distribution  is  given  by  A.  Mey- 
mott  Tidy: 

1.  More  ozone  is  present  during  the  night  than  during  the  day,  and 
most  of  all  is  found  at  daybreak. 

2.  More  is  found  in  winter  than  in  aummer,  and  leajit  in  autumn. 

3.  Mure  is  found  at  high  than  at  low  h>veU. 

4.  More  is  found  on  the  sea-coast,  and  especially  when  the  wind  is 
bloning  from  the  sea,  than  inland. 

5.  More  is  found  in  the  country  than  in  towns. 

6.  More  is  found  after  a.  thunder-st<)rin  than  at  any  other  time;  least 
of  all  is  found  on  damp,  foggy  days. 

7.  More  is  found  with  western  than  with  eastern  winds  [i.e.,  in  Eng- 
land]. 

8.  The  maximum  quantity  of  o/,ono  in  tlio  air  never  exceeds  tjn^fyir 
pV*t  its  bulk  (Ilouzcau).  Its  chief  source  is  atmospheric  electricity,  and, 
as  minor  sources,  the  action  of  aromatic  plants  and  flowers,  etc. 

Ozone  is  almo.sc  never  fotmd  in  the  air  of  inhabited  rooms.' 

Ebormeyer*  says  that  it  is  most  abundant  in  the  air  of  the  open  fields 
and  in  places  of  groat  atmospheric  moisture.  In  the  forests  mare  is  found 
in  the  upper  strata  of  air,  among  the  branches,  than  near  the  ground, 
owing,  doubtless,  to  the  absorption  which  occnrs  in  the  processes  of  de- 
composition. It  is  not  found  in  large  quantities  over  marslies  and  swamps 
during  the  season  of  active  decomposition  of  vegetable  matter/  though 
this  is  denied  by  Uurdcl.' 

Ozone  is  an  exceedingly  powerful  oxidizing  agent.  It  corrodes  cork, 
paper,  animal  membranes,  caoutchouc,  and  other  organic  substances;  its 
action  on  metals  is  very  energetic.  This  property  gives  it  great  value  as  a 
disinfectant  agent,  [t  oxidizes  with  great  rapidity  the  compounds  of  am- 
monia, phosphorus,  and  sulphur,  which  are  so  offensive  in  animal  decom- 
position, instantly  removing  the  odor.  Its  action  an  the  lower  forms  of 
life  is  not  sufficiently  catablished;  but  it  may  probably  be  found  to  act 
as  a  gonn-destrover,  as  simple  vegetable  substances,  such  as  mould,  oro 
completely  destroyed  when  exposed  to  an  atmosphere  containing  ozone 
(H.  Carey  Lea). 

Ozone  bleaches  indigo,  converting  it  into  vsatJn.  It  is  probable  that 
the  action  of  light  and  dew,  by  exptjsure  to  which  cloth  was  formerly 
bleached,  depends  on  the  production  either  of  ozonized  air,  or  of  nascent 
oxygen;  and  the  same  may  bo  said  of  the  modem  process  with  chlorine. 

*  WolffhUg(«l :  "  ITfibnr  ilon  nanilaren  Wnrth  dea  atmtMphtirUoben  Osooft,"  Ztaohr. 
f.  Biolotfie.  Bd.  XI  .  pp.  410.491.  440.  444. 

'  PhynikaliMiho  Einwirkung^H  de^  Waldes,  ebo. 

'  Kodxio  :  Third  Report  MJcliigan  Bonrd  of  Health,  1875. 

*  Becherohea  aar  Ics  fidnes  paludeeones,  18QIJ. 
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The  most  popular,  and  the  most  sensitive,  test  for  the  presence  ( 
ozone  depends  upon  this  bleaching  power  (Schonbein).  The  test-paper 
prepared  by  adding  ten  parts  of  best  quality  of  starch  to  two  hundrc 
parts  of  pure  water,  heating  this  till  the  starch  gelatinizes,  and  then  dl 
solving  in  it  one  part  (two  parts,  according  to  Tidy)  of  pure  iodide  < 
potassium.  This  paste  is  spread  evenly  with  a  brush  on  sheets  of  papt 
free  from  sizing,  which  are  then  rapidly  dried  by  stove-heat,  without  e: 
poBure  to  sunlight,  and  then  stored  up  in  a  covered  jar,  and  kept  from  tl 
sunlight  till  used.  When  exposed  to  air  containing  oxone,  the  salt  is  d 
composed,  changing  the  paper  to  blue.  The  depth  of  the  blue  tint  pr 
duced  on  exposure  is  measured  by  comparison  with  a  scale  of  coloi 
printed  on  a  P&per  which  is  furnished  for  the  purp<»e.  In  making  tl 
observations,  strips  of  suitable  length  are  out,  moistened,  and  bung  np  fi 
a  sufficient  number  of  hours.     Moffatt  prefers  dry  paper. 

In  air  containing  no  ozone,  it  is  presumed  that  no  discoloration  taki 
place.  This,  however,  is  not  absolutely  correct;  and  hence  a  fallacy  i 
the  test.  Chlorine,  or  the  oxides  of  nitrogen,  and  some  other  agents, 
present,  produce  a  similar  coloration.  For  this  reason,  ozonometry  hi 
not  been  so  extensively  and  so  satisfactorily  pursued  as  the  other  branchi 
of  air  analysis.  Nevertheless,  with  all  allowances  made,  the  admittc 
powers  of  ozone  render  the  subject  one  of  great  interest  in  its  bearin 
upon  climate  and  health. 

IIouzeau*8  ozonometer  consists  of  neutral  Utmus-paper  soaked  in 
dilute  solution  of  potassio  iodide,  the  potash  set  free  by  the  ozone  tumin 
the  paper  blue.  A  piece  of  the  litmus-paper  without  iodide  is  also  ei 
posed  to  the  air  at  the  same  time;  a  comparison  of  the  two  papers  indi 
eating  how  far  the  action  on  the  iodide  paper  may  be  due  to  ammonia  i 
the  air,  and  not  to  the  action  of  ozone. 

Ozone  has  a  very  irritating  influence  upon  the  respiratory  mucou 
iiKMiihranca;  it  is  rsp*;cially  so  to  the  t:yos  and  nose,  when  breathed  in  am 
cfincLMitratctl  forin.  It  may  produce  the  symptoms  of  influenza,  or  cole 
in  the  head.  In  a  very  concentrated  form  it  is  irrespirable,  and  soor 
t:auses  the  dcatli  of  any  animal  confined  in  it.  These  properties  Jiavf 
Hujrg-osted  tlie  causal  relation  between  ozone  and  epidemics  of  influenza: 
a  relation  not  esliiblished. 

Oxyj^eii  <',oiitaiMinj(  jIj  of  its  volume  of  ozone  is  rapidly  fatal  to  all 
animals,  death  f>cciirring  with  intense  congestion  of  the  lungs,  emphysema, 
and  distention  cif  the  ri^ht  side  of  the  heart  with  blood  (liedfern). 

Air  highly  char;^ed  lessens  the  number  of  respirations  and  the  stren^h 
of  the  cartiiac  pulse,  and  lowers  the  temperature  from  5°  to  S°  F.,  the 
blood  after  death  hcintf  found  venous  (Dewar  and  McKendrick). 

Oxygen,  on  tin-  othur  hand,  is  to  so  great  an  extent  an  indifferent  gas 
that  it  can  be  breathed  in  very  varying  proportions  without  immediate 
iDxic  effects.  In  pure  oxygen,  at  71)"  F,,  a  rabbit  lives  about  three  weeks, 
catitiir  voniciously  all  the  time,  but  nevertheless  becoming  thin.  At  45*^ 
V\  o\y^rn  produces  narcotism,  and  eventually  death.  When  cooled  by 
a  free/,in^■-nlixtu^e,  it  produces  intense  narcotism.    When  compresse<l  un- 
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der  3^  atmospheres,  it  prmrlucnji  violent  Ronvulsionn,  like  those  caused  by 
strychnia,  and  ultimatuly  death,  when  tho  arterial  blood  is  fouud  to  con- 
tain about  twice  Uie  uoruial  amount  of  oxygon. 

This  gtta  IS  colorless,  tasteless,  odorless,  and  has  less  weight  than  at- 
mospheric air.  By  the  action  of  ozone,  formed  during  lliuiider-storins,  it 
may  be  converted  into  nitric  acidj  and  the  combination  of  the  latter  with 
organic  impurities  forma  nitrate  of  ammonia,  so  often  found  in  the  ram  of 
thunder-storms. 

The  gas-springs  in  the  island  at  Paderliorn  contain  97  per  cent,  of 
nitrogen  with  3  per  cent,  of  carbonic  acid;  that  at  Lippspringe  83.23  per 
cent,  nitrogen,  15,*-!5  carbonic  acid,  0.20  oxygen,  and  1.30  atmospheric  air. 

The  gas  is,  as  above  said*  a  vehicle  for  oxygen.  It  is  incapable  of 
sustaining  hfe,  and  causes  death  by  suffocation. 

According  to  Kflpper  (quoted  in  Eulenberg),  tho  "gemeinon  boson 
"Wetter"  and  the  "  mattcn  und  atockendan  Wetter  "  are  chiefly  composed 
of  nitrogen,  and  are  eliaracterized  in  tlii.s  case  by  specific  lightness,  and 
their  iiiaitility  to  support  combustion.  The  gas  flows  from  clefts  in  rocks 
in  many  places,  the  exact  seat  of  which  is  hard  to  find.  When  it  forms 
84  per  cent,  of  the  air,  lamps  go  out;  at  89  per  cent,  respiration  ceases, 
and  dentil,  with  convulsions,  rapidly  follows.  These  gases  occur  most 
frequently  'u  long-disused  shafts.  In  Dflren  seven  men  died  within  two 
atid  a  half  year*  of  the  effects  of  this  gas.  It  is  often  found  combined 
with  carbonic  acid  and  carburctted  hydrogen;  all  three  originate  in  coal 
and  organic  debris. 

The  pois<)nous  effects  of  air  impregnated  with  nitrogen  are  given  as 
follows  by  Drockmann: — Ist  stage.  Hunger  for  air,  frequent  deep  breaths, 
oppression,  and  cold  sweat.  Xd.  Mental  oppression  appears;  but  if  tho 
man  escapes  into  pure  air  all  tho  symptoms  disappear.  ^  a  few  cases 
there  arc  secondary  inflammatory  symptoms  referring  to  the  brain  and 
lungs.  3d.  Stertor,  icy  coldness,  loss  of  pulse,  rigidity,  loss  of  conscious- 
ness; tho  beats  of  the  heart  hardly  perceptible,  full,  and  very  slow.  After 
venesection  the  respiration  becomes  freer,  and  consciousness  gradually 
returns.     4tli.  Death;  the  body  icy  cold  and  rigid. 


Carbonic  Acid, 

This  body  sustains  a  peculiar  relation  to  the  atmosphere,  being,  on  the 
one  hand,  always  present  ns  a  normal  constituent,  and,  on  the  other  hand, 
owing  its  presence  to  the  apoliation  of  anotlier  normal  constituent,  oxy- 
gon— *.  e.f  to  combustion.  And,  owing  to  this  fact  of  origin,  and  certain 
other  facts,  it  occupies  the  place  of  an  index  of  pollution  whoti  present 
beyond  a  given  proportion.  In  tins  respect  it  has  a  very  difTerent  rank 
frntn  that  oF  oxygen. 

Tho  balance  between  carbonic  acid  and  oxvgen  in  tho  atmosphere, 
Vol..  L— 30 
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ooiitinaally  disturbed  in  one  direction  hy  tbo  animal  kingtlom, 
Htantly  maintaiitud  hy  the  vegetable.  The  former  excretes  carbonic  M 
and  consumes  oxygon;  tlie  latter,  for  the  most  part,  i»erftjrm»  the  opp 
site  function.     Fungi  aut  like  animals,  in  excreting  carbonic  acid. 

An  increase  in  ilie  amount  of  carbonic  acid  ought  in  all  ordinary  eaa 
to  currcsporid  with  tiio  dimitiutiou  of  the  oxygen  in  the  air.  Ligiii 
mineral  coal,  peat,  etc.,  derive  the  oxygen  required  for  combuatian  fro 
tlio  air;  so  do  the  hydrocarbons;  so  does  the  animal  system.  Excepti< 
may  be  made  for  the  combustion  of  s|x;cial  bodies,  like  nitre,  chlorate 
|Kitassa,  and  gunpowder,  coiitaiJiirig  large  quantities  of  oxygen  ia-flfe 
aubstanco.  ^| 

It  appears  that  the  rain  also  acts  in  diminishing  the  qnanlity  of  ci 
bonlo  acid  in  the  air.  This  it  does  by  simple  absorption;  a  ptjwer  to  d 
solve  carbonic  acid  being  a  well-known  property  of  water.  In  additi< 
the  rain,  coming  from  high  regions,  is  believeil  to  bring  with  it  (also  ii 
slate  of  solution)  purtiurisuf  atmosphere  which  contain  more  oxyg«i^| 
that  at  tower  levels  (in  oities),  and  to  part  with  some  of  tbU  oxygjH 
the  8amc  time  that  it  takes  up  some  of  the  carbonic  acid;  thus  aoting-, 
a  double  sense,  as  a  purifier. 

To  the  excretions  of  the  lungs  and  skin,  poured  into  the  air  of  citi< 
must  be  added  the  product  of  fires  and  tlie  decomposition  of  nnhnaJ  aj 
vegetable  refuse. 

Immense  amounts  of  carbonic  ncid  are  produced  by  burning  faeJ. 
is  estimated  by  Smith  that  lojOGfi  tons  are  daily  poured  into  tlic  aln 
Manchester  from  this  source;  in  comparison  with  wliich  the  cstiniata  i 
330  Ions  for  the  product  of  respiration  is  a  trifling  amount.  Neverthelof 
by  allowing  duly  for  the  sjmce  and  height  over  which  this  is  distribute 
and  the  rate  at  which  the  wind  blows  (12  miles  an  liour),  it  appcu 
that  the  percentages  added  together  make  the  foUowing  table: 

Car%>nio  acid  from  coals .0001 

Carbonic  acid  from  expired  air, ,,,,,,,...,,,,.  .00(K& 
Katnral  carbonic  acid  in  air 0300 

.0393 

If  this  efitimato  be  allowed,  it  shows  that  combustion  and  reBpiration 
in  a  largo  city,  are  not  sufiicient,  when  taken  together,  to  raise  the  aver 
rtffg  percentage  above  .0-1,  or  four  parts  in  ten  tliou&aiid,  which  is  wtlbii 
the  limits  of  what  is  stated  by  most  observers  to  l>e  a  gixid  nvcragf  »Ir, 

Whence,  then,  comes  the  deeide<l  increase  of  CO,  in  ihr  air  of  citicsl 
It  comes  mainly  from  thp  eonfinomeni  of  the  air  in  streelfcand  aUeys ;  and 
the  lesson  drawn  from  the  preceding  table  should  bo,  the  importaiie«  ul 
plaiuiing  wide  straight  streets,  and  o[ieii  s{mce»,  and  of  avoiding  clotH 
squares  of  high  buildinifs.  The  products  of  contbusiion  and  of  i 
tion  are  very  rapidly  diffused,  and  the  bnlaucu  restonxl  lo  lu  ■■ 
normal  point  wlien  fresh  air  in  abundance  is  aocesnble.  SewcT*gas«fl  dis 
cJmrgcd  above  the  level  of  the  housetops  bceomr  nearly  hamlcsa.     Thi 
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air  of  parks  in  Urge  cities  is  nearly  equivalent  to  country  air  whon 
analyzed  ;  and  a  country  air  of  fair  purity  is  found  up  to  the  very  limits 
of  thickly-settled  towns. 

CARBONIC  ACID  IN  TOWN  AND  COtlNTRY  COMPARED. 

Scotland,  purely  rural  and  hilly  districts.     Smith U3.1C 

Perth  and  outskirts,  Oi^tobor,  "     04130 

Glasgow,  opener  parts,  winter,  **     04G1 

"        closer  parts,        "  "     0o39 

Manchester,  miriimutn  of  suburbs,  "     0291 

"  whert:  fields  I>c;Tin,  "     0309 

"  streets  in  usual  weather,  "     0-403 

"  averufre  of  all  town  observations,     "     0442 

«  durinj^fogs,  "     0079 

"  about  middens,  «     0774 

London,  open  places,  April,  **     OoOl 

"        stry.'tH,  "  "     0341 

"        ontheriver,       "  «     0343 

"        average  whole  city,  Nov(Aiber,  "     04394 

**        open  parts,  "     , 04113 

Munich,  Pottoiikofer 05 

Lange  and  WolfThUffel 037 

Madrid,  outside  walls,  March,  De  Luna. 045 

inside         *'      April,         *'         053 

Boston  Public  Garden  (4  analyses),  May,  Storer 03006 

The  cxporimcnts  of  Theo.  de  Saussuro,  made  with  the  greatest  care  iu 
Switzerland  cUtring  a  period  of  several  years,  show  a  number  of  facts 
which  appear  to  have  the  force  of  laws.     Such  are  : 

1.  Analyses  made  at  noon  gtve  uniformly  a  less  percentage  of  carbonic 
acid  than  those  made  at  11  I'.M. 

2.  Noon  observations,  30  in  number,  give  the  mean  amount  for  the 
three  winter  months  as  related  to  that  for  the  three  summer  months,  in 
the  proportion  of- 77  :  100.  The  mean  for  January  was  .04*3  ;  for  August, 
.0508.  These  results  were  not  unifonnly  low,  however,  for  winter,  nor 
high  for  summer. 

3.  Eight  observations,  made  at  the  middle  of  Lake  Iceman,  at  noon, 
and  compared  witli  those  made  on  the  bank,  give  a  ratio  of  Q8.5  :  100. 

4.  Twelve  observations,  made  on  mountnin-tops,  give  In  all  but  two 
cases  a  higher  percentaf^e  of  L'O,  than  was  found  l)elow'  or  at  the  foot.  It 
was  further  found  that  (his  percentage  did  not  change  by  night,  as  was 
the  case  with  observations  on  lower  levels. 

In  staling  the  amount  of  cnrboriic  acid  present  in  air,  the  number  of 
parts  per  ten  thousand  will  usually  be  given.  This  is  a  convenient 
method,  with  the  special  a<lvantage  that  it  is  easier  to  remember  whole 
nnmbers  (3,  4,  5)  than  decimals  (.03,  .04,  etc.)  Tables  like  the  two  preced- 
ing are  converted  by  shifting  the  decimal  two  places  to  tiie  right. 
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CARBONIO  ACID  IN  AIR  FROM  CONFINED  PLACES. 
(Parte  in  10,000.) 


T\mat. 


TirrtC, 


Tunnel  In    Metropolitan  Railway,  LoodoQ, 

fix  obserrations 

Ghuicery  Court,  cloaoJ  doora;  7  feet  from 

gTound 

Chancer;  Court,  closed  doors ;  3  fc«C  from 

grouud 

BtTond  Theatre,  gallery 

Surrey  Theatjro.  boxes 

Same,  same  uTeuiug 

Olympic  Theatre 

Rame 

Haymorket  Theatre,  drem  circle 

Victoria  Theatre,  boxea 

EfDiigham 

PaTllion..,',... ,; 

City  of  Loudou  Theatre,  p!l 

Standard   Theatre,   [.it j 

Public  schools  of  Philadelphia  (average  of' 

10  of  variou»  gradesl  in  1875 | 

Public  adioota   of  Boston  tavernee  of  35 

primary  and   }!*  gratntnar)  in  18?0 

l*uliUc  schools   of  Sltchtffau  {avenge  of  11 

high  and  normal) 

Annaberg.  five  achools 

Sohool-room  after  tn-o  bonis 

A  icbool,  in  March 

Same,  in  July 

Wilhrlm'K  (fymuasiam,  in  March. 

Some,  in  July 

Celte.  Kyiiiiiaitiuin,  various  rooms 

Oellp,  Yolks- Sohai en,  moat  rooms 

Some.  **  one  room 

A  Sunday-school,  8Q-1U0  children,  before: 

opening ♦,,.,,...,, 

Some,  an  hour  later ,•■ •■<■ 

Same,  half  on  hour  later  etitl i 

A  Sunday -sob  oul.  8^0  petKona i 

Home  room,  urtiDiug,  200  people  and  10-13 

bumnn. ^ 

Berth-deck   of    the    "Powhatan,"    April, 

May.  and  Jnuo 

"  Svrntora,'"  name  period 

"Onipeo," 

Hicheat  amount  found  in  on  U.  B.  naval 

Tonel 


lOr.M. 
IO.Sp.m. 

12  P.  M. 
ll.aor.ji. 
11.55  r.M. 
11.30  p.  u. 


r  M. 

P.M. 

11  r.M. 


jo"n  : 
11.15  1 


OtywvTc*^ 


Bmlib. 


11  PM. 


B.  ThomKin.' 

JStorer  and 
Peatson.* 

Kcda]e.> 

O.  Krauoe. 

Pottenkofer. 

Oertel. 


Boring. 


W.  B.  Xiclu^* 


Th.  J.  Turner." 


Sti 


rai 

f9-St 


11^  19* 

15.U3-3J.( 

14.-14 


nj 


^  Beport  of  the  Committee  appointed  by  the  Board  of  Education  to  inqutn  1 
Banitoty  Condition  of  the  Schools  of  the  First  School  District  of  Penusjlrania,  I 
rUladelphia,  1875. 

*  Second  Annual  Report  Maaeaohuietta  Board  of  IlealdL,  1871. 
'  First  Auuuul  Report  Michigan  State  Board  of  Health,  ISTI, 

*  Private  communication, 
'  Prom  roooids  kept  by  medical  offlcers  of  the  ahipi. 


THB   ATMOSPITERK. 


013 


^\»ceL 

Itotk. 

Smoking-cars — 15  uialyses,  ranging   from 

■     W  n  KiftlialA.' 

2^.8 

WiUon.» 
Stnith. 

17.0 

PasAeoger-carHfTTiCfre  from  15.0  to  341,7). , . , 
Bewer  in  Borkoley  Strcec.  Boetoti : 

33.3 

8.5 

10.4 

Porumouch  Cnnrict  PriNon :    cells    of   (114 

7.20 

Sunu:  c«ltfl  of  210  cubic  feet,   occupif^ 

10.44 

Kn^luh  niiues,  average  of  3<J9  examiDatioot 

78.5 

De  Cliaumont  gives  the  foHowtng  data  from  bftiTHcks,  liospitals,  and 
prisons.  The  fiifiires  are  given  in  the  ortghial  table  as  parts  in  1,000; 
here  pointed  to  p;ive  parts  per  10,000.  The  obser\'Btion»  of  exttrnal  air 
are  irwtructivt^,  as  showing  liow  wide  may  be  the  range  of  carbonic  acid  in 
air  called  "froah."  The  fourth  column  of  fij^uros  gives  the  difference 
between  the  carbonic  acid  foun>l  in  the  room  and  that  in  the  outer  air,  a 
very  important  datum  fur  determining  the  efficiency  of  ventilation. 


CO,  in 

WUM-IUl 

C0(  in  nam. 

Haul 

BARnATKS.. 

Li»rir^«t 

■  lltUlttlt    ' 

tnnad. 

M«n 

480 
893 
440 
470 
420 
4  2-'i 
428 

3.0S 
8.22 
4.24 
40S 
0.03 

400 
5.55 
452 

1R.40 
10.71 

14.1)3 
11.75 
17.31 

18.74 
10.27 

90.97 

13.09 

7.80 

7.41 
15.34 

34  84 
2n,44 
30.  »7 
19.26 

6.45 

14.04 

9.7a 

7.18 
13.18 
13.00 

6.33 

0.70 

».28 
472 
n.TS 
8.47 

10.51 

13.;!5 

10.01 

9.80 

2.15 

10.11 

5.30 

Obdlseo. 

2  AS 

8.08 

7.84 

4.1G 

MTl.ITAUY  .^ND  CIVIL  QOSTITALS. 

6  70 

PnrtHmonth  Civil  Infirmar}* 

OlOS 

a48 

1.73 

2  87 

MILITARV  AND  ClVtl,  rRlktHS. 

13.42 

7  80 

12.39 

As  regards  the  amounts  of  oxygen  and  carbonio  acid  found  in  mines» 
the  following  illustrittive  data  will  be  interesting; 

R.  A,  Smith's  analyses  of  33D  specimens  from  a  large  number  of  mines, 

'  Second  Ttfiport  MoituLchusctts  State  Board  of  Bealbh,  1871. 
>  ilauilbook  uf  E^gteoe. 
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almost  all  Knglish,  give  a  few  instances  of  qoito  pure  air — containing, 
of  oxygen  aud  carbonic  acid,  rcspoctively,  20.05  and  ,05  ;*  20.00  and 
20.00  and  .OG.  These  are  few  in  number.  The  average  of  all  hia  qmu- 
mens  gives  oxygen  20.3G,  and  carbonio  acid,  .785  per  ct.*nt.  (Compan 
standard  of  CO,  in  pnro  air,  .0'^  and  .04  per  cent.)  Of  all  the  apeci 
10.G7  per  cent,  were  normal,  or  nearly  6o,  in  respect  to  COa;  2-L< 
cent,  wore  decidedly  impure,  and  G4.C3  per  cent,  were  exceedingly 

Of  the  worst  specimens,  99  contained  less  than  20  per  ccut.  of  oxy 
r.nd  of  theBC,  13  contained  loss  than  19  per  cent.  The  worst  were  :  IWH 
18.67,  18.G2,  18.52,  and  18.27.  And  as  regards  the  amount  of  carbou 
ncid,  in  the  worst  cases,  it  exceeded  1  per  cent.  (=  100  parts  in  ]O,OO0,d 
twenty-five  times  the  normal  amount)  in  OS  cases,  in  13  of  which  it  roi 
above  2  per  cent.  (=:;  50  times  noniial  amount);  the  worst  containing  "iJH 
2,40,  2.42,  2.51,  and  2.73  respectively.  The  increase  in  carbooio  acKl  wi 
by  no  means  exactly  proportiooS'te  to  the  loss  of  oxygen. 

Godemonn^s  eight  analyses  from  the  mines  of  the  upjicr  Horz*  give  a 
average  of  carbonic  acid  by  volume  ■=  1.19G4  percent.;  of  oxyg&n^  19.7S 
per  cent.     Smith,  however,  estimates  the  former  at  1.30ti. 

It  is  difGcult  to  obtain  accurate  analyses  of  miue>gaa.  Tlio  **gema.u 
buse  Wetturn,"  analyzed  by  Hausmann,*  gave  iu  100  parts,  in  two  speei 
mcus: 

I.  tt 

Nitrogen Sl.4  86.5! 

Oxygon 13.75         12.1; 

Carbonic  acid. 4.83  L34 

The  Cornish  mines,  as  examined  by  P.  Movie/  in  eighteen  pUroi, 
gave  worse  results.  The  average  jwrcentage  of  oxygen  was  found  br 
him  =  1G.87;  but  Smith  corrects  the  result  by  reference  to  the  ascertained 
amount  of  carbonic  acid,  and  gives,  ns  the  mean  contents  of  oxyg<'n,  I  T..W 
per  C(*nt.  The  worst  cases  were  those  where  14.70  per  cent,  was  roix>rt*d 
(15-74,  Smith),  "four  men  at  dead-end,"  where  "lights  burned  with  diffi- 
cultv,"  and  14.51  per  cent.  (15.51,  Smith),  "forty-five  minutes  after 
firin';?." 

Twelve  ounces  of  ginipowder  gave  in  burning  2.603  cubic  feet  of  C(V 
This  quantity,  which  is  commonly  used  in  a  day's  blasting,  docs  not., 
fio  much  barm  in  this  way  as  by  the  sulphide  or  sulphate  of  potassiui 
pruKluees.     One  blast  (4  oz.)  gives  71-J  grains  nf  these  com}.>ounda,  wV 
mingled  with    the    confined   air,   renders    it  intolerable  to  breathe 
tinw.     There  are,  besides,  numerous  other  deleterious  compounds  rvall]^ 
ing  from  the  burning  nf  giinjKJwder. 

Wehrle  describes  as  follows  the  different  degrees  of  impurity  tu  the 
air  of  mines: 

*  /.  «.,  prr  cent.  ;  equa!  to  5.0  porti  per  10,000. 
•R.  A.  Smith:  L.c.  p.  78. 
'  Bruckmsan  :  Di«  metallaTp.  Knnkheitcn. 
'Annales  de  cbira,  ct  ila  pbya.,  1841. 
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"That  air  m  which  the  miiiing>candlc  bitrtis  dutl  and  dark,  but  in 
which  the  worknmn  feels  no  op})rcssiutij  is  called  (nmtte  I.uft)  dull,  flat, 
or  stale  air.  But  when  the  workman  cannot  keep  Iiih  candle  burning,  it 
is  called  bad  air  (schlochte  Ltlfto  or  Wetter).  A  man  miiy  Hve  in  this 
bad  air,  and  an  Argand  lamp  may  burn  in  it;  but  when  this  also  goes  uur, 
and  the  xvi>rkiuan  feels  contined  (beengt),  or  when  he  is  sulfocated,  then 
it  is  bad  or  poisonous  air  (Scbwaden).  When  the  quantity  of  oxygen 
fallb  under  13  per  cent.,  and  is  too  small  for  the  process  of  respiration,  ur 
when  the  carbotiic  acid  amounts  to  7  per  c«nt.,  with  several  per  cent,  of 
sulphuretted  hydrogen  and  miasmas  of  a  peculiar  kind,  thoy  comniunicato 
to  the  atmospheric  air  a  property  which  is  ofttn  very  daii^jerous." 

'J'ho  amount  cif  carbonic  acid  allowable  in  air  for  respiration  is  g-lvcn 
differently.  Leblana  named,  as  the  maximum  allowable,  5  parts  per 
thousand  by  measure;  Poumct,  2-3  parts;  Wolpcrt,  'i  parts.  But  in 
later  times  the  authority  of  PettenknfGr  has  replaced  these  statojuenls 
by  the  more  strict  claim  that  7  parts  per  ten  tliuut>and  is  the  maximum  to 
be  alloweil  in  the  air  of  dwellings.  Do  Chaumont  gives  G  in  10,000. 
Pettenkofer  states  that  "air  is  bad,  and  improper  for  continuous  use, 
when  it  contains,  in  consequence  of  resjiirution  niid  perspiration,  more 
than  1  part  of  CO,  iu  1,000;  and  a  f/oo'.i  air  for  chanilH^rs,  in  which  a 
person  may  remain  for  a  long  time  in  a  stale  of  health  and  comfort,  con- 
tains no  more  than  0.7  of  a  part  in  1,000,  or  7  parts  in  10,000." 

These  statements  must  all  be  qualiticd  by  the  implied  condition  that 
the  carbonic  acid  is  tlerived  fmiii  respirutioii.  The  poisonous  elenu-nl  in 
badly  ventilated  places  is  now  fully  understood  to  consist,  not  of  carbonic 
acid,  but  of  the  organic  compounds  wliich  are  g'iven  ofT  simultaneously 
£rom  the  lungs  and  skin;  and  the  value  of  analyses  of  air,  conianiinated 
by  human  exhalations,  consists  in  the  probability  that  the  proportion  of 
theiie  organic  com}>ound8  in  a  given  specimen  is  fairly  represented  by  the 
proportion  of  CO,.'     These  oq^niu  effluvia  will  be  spoken  of  again. 

Air  which  is  changed  rapidly  may  be  permitted,  perhaps,  to  cojitaln  a 
relatively  larger  proportion  of  COj.  In  certain  situations,  where  the 
cubic  sfiace  is  very  small  and  the  number  of  persons  large,  even  rapid 
change  does  not  lower  the  proportion  to  what  might  be  desired  in  largw 
rooms;  but  it  is  quite  possible  that  the  element  of  rapidity  of  change 
may  have  its  special  effect  in  purifying  the  uir,  by  preventing  the  organic 
ingredients  from  having  time  to  decay.  Investigations  into  the  air  of 
railway  carriages,  made  by  Lang  and  others,  have  shown  tliat  the  nir  may 
be  ctinsidered  pure  and  good  as  long  as  it  does  not  contain  more  than  10 
parts  per  10,000  of  CO^;  and  an  amount  not  exceeding  15  parts  may  bo 
])erunssihle  In  such  places. 

it  has  been  thought  that  a  very  large  room  may  contain  so  much  air 

'  "From  experijnenta  made  at  OrnTeMmd,  NetleT-  Aldershot.  aod  Hlls«a.  hy  vari- 
ous niediual  «(1ic«ni  iDe  Oianmont,  Hf^wlett.  and  Dtlicr8»,  it  hta  [>eeii  hIiowd  tbiiL  the 
amoimt  of  potassium  |ierinatigiiaatc  dcfttro}'od  by  air  drown  throiigh  its  eolatic^D  is 
Cimetatly  in  projrartion  to  the  amount  of  carbonic  acid  of  rcspiratioa, "    (Parkes*  Hj- 
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fts  to  require  littlo  or  no  ventilation.     Such  a  cue  raiti  lianJly  he  Admit 
Practically  speaking,  a  room  uf  ordiimry  size,  or  even  &  hospital 
not  tlie  gainer  by  being  mado  more  tiiun  thirtcon  feet  high.      ImJced,  i 
existence  of  abundant  sptwr  may  tnuipt  us  to  negleut  tbe  necrssit 
abundant  reneicfft,  and  so  a  lar^  room  be  more  un&afe  than  a  smalh 
The  only  advanta^  of  great  space  lies  in  the  fact  that  we  cati  v<r*Uiiiih 
jYeelif  icit/iottt  yietut/  rtiw  to  pera-j^ibie  thatifffU. 

In  respect  to  the  minuteness  with  vvhich  wv  ought  to  cuiy  <iiitjl| 
analysis  fur  CO,,  R.  A.  Smith  makes  these  remarks  : '  ^H 

"  A  very  minute  amouni  of  carbonic  acid  shows  deterioration  ani 
sufTicient  for  the  senses  to  observe.  The  senses  observe  a  dtf^er<^nc«  be 
iwccn  Manchester  and  the  outskirts.  The  dilTerencc  is  .0034  />er  trrid 
[or  0.34  per  10,OUOJ.  The  senses  observe  it  in  Loridont  whore  the. 
ferenco  between  the  streets  arid  parks  is  .0040y>cr  cent.  .  .  .  This 
sion  i«,  that  earbonte  acid  in  these  small  nmunnts  is  not  that  wliich  aim 
us.  In  some  towns  it  is  no  doubt  sulphurous  acid;  in  others  organic 
tor  and  puses  from  putrefaction. 

*'  It  does  not  follow  that  wo  must  therefore  neglect  carlxxiic 
the  contrary,  it  oug'ht  to  he  examined  minutely,  sn  that  not  the  sn 
increase  be  allowed,  if  possible;  not  that  we  know  cerlainly  of  an^ 
tix'c  evil  which  it  can  do  of  itself  in  these  small  quantities,  but 
almost  always  comes  in  bad  eompany. 

*'  In  the  above  analyses  the  air  containing  .0774  [7.74  per 
is  really  worse  than   that  containing  .1004,  and  even  .3    [16.  and  Z^\ 
because  over  the  middens  [the  former]  there  is  a  little  sulphureitetl  liytj 
gen.     It  is  wel),  then,  in  such  eases  to  use  a  double  te«t.      Indeed 
jirobable  enough  tliat  other  gases  besides  sulphuretted  hydrogi>n, 
as  marsh  gas  and    hydrogen — products  of    decon)position — an.-    isso 
from  cesspools  and  middens.      I   should  not  say  probable;    it    is 
certain.     Tliesc  gases,  including  the  carbonic  ocidi  show  tho  reason 
less  oxygen  should  be  found  in  such  places. 

"  A  deviation  nf  .^'i  f  =  2  jvarts  in  10,000]  is  not  pleasant  to  us  wb«i 
it  is  cuuseit  by  simple  want  of  ventilation.  If  it  \a  accomjMUiied  with 
pises  of  putrefaction,  it  is  much  more  hurtful,  as  sooio  uf  tbcso  ara  «l 
deadly. 

*'\Ve  must  not  conclude  that,  beeause  the  (piantity  of  carl>i 
small,  the  efTect  is  small;  the  uonclusiun  is  rathur  that  minult. 
the  amount  of  this  acid  arc  indications  of  occurrences  of  the 
importance. 

'*  In  the  case  of  carbonic  acid,  we  must  attend  to  the  third  place  Pt 
now,  as  I  believe,  and  fur  scieiitine  purpf/ses  even  to  the  fourth,  or  una 
a  million.  .  .  .  I^t  us  con5idt.*r  what  is  meant  by  a  diflcroncc  betw^ 
.0314  per  cent,  and  .0400  j>er  cent.,  or  86  in  a  million.  A  room  twice  ' 
sixe  of  one  not  unusual,  or  two  30  feet  long,  "Z^  fet.*t  wide,  and  \h  hii 
will  contain  21,G00  cubic  foot.     If  we  introduce  .008G  per  cent.,  we  brn 
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3,200  cubic  inohos  of  carbonic  acid  into  tlie  room,  or  nearlr  12  gallons. 
If  we  take  tlie  iminbcrs  fuuml  In  a  very  moderately  close  building',  we  add 
1,230  ill  a  inilliori,  or  IGS  i^lloiis.  If  wc  make  tlm  room  as  cloBe  as  iti  a 
crowdttl  theatre,  taking  the  number  g-jveii  for  one  in  Loudon  .320,  wq  add 
S,8j1  in  a  million,  or  377  gallons.  la  order  to  road  off  the  amount  in  a 
million,  there  ouijfht  aiways  to  be  four  figures  after  the  decimal  jiolnt  [i,  c, 
when  the  number  of  parts  in  100  of  air  is  given]." 

Pure  carbonic  acid  is  not  pro eed  to  bo  injurious  in  quantities  slightly 
exceeding  the  normal  rates  of  3  or  4  per  10,000  parts.  It  proves  nothing 
against  the  salubrity  of  Munich,  for  instance,  that  the  q.ir  contains  a  ganerul 
average  of  .05  per  cent,  (if  w«  accept  the  figures),  nearly  one-fourth  more 
than  that  of  London.  Tho  c^nse  of  the  presence  of  carbonic  acid  nuist 
be  looked  to  before  we  are  sure  that  it  ts  an  index  of  polluliou.  Munich 
lies  1,690  feet  above  the  sea,  and  may  share  in  the  excess  of  UO^  common 
to  many  elevated  ajiots  with  pure  atmosphere.  In  cases  where  tho  atmos- 
phere is  loado<l  with  a  puro  carbonic  acid — as  hy  the  accidental  escape  of 
tho  gas  wiiere  soda-fountains  aro  being  charged — it  is  not  found  that  tlio 
slightest  inconvenicnco  or  annoyaiico  is  felt  by  those  who  work  in  such 
air,  although  containing  tn  some  cases  nearly  2  per  cent,  of  the  gas. 

Pettenkofer  has  passed  some  hours  in  air  containing  10  per  mille  COi| 
without  affecting  his  comfort.' 

FOrstcr  states  that  during  a  stay  of  ten  minutes  in  a  cellar  containing 
fermenting  wine,  with  a  pruportitui  of  40  per  mille  of  CO^  in  the  air,  he 
felt  no  difficulty  in  breathing.'' 

There  is  a  vast  dififcrencc  when  tho  carbonic  acid  originates  in  th« 
breath.  Smith,  for  instance,  after  making  the  experiment,  says:  "It 
seems  to  me  i(ni>ossibl«  to  endure  4  per  cent,  for  any  letigth  of  time." 

Wc  cannot  affirm,  therefore,  that  carbonic  acid  is  proved  directly  poi- 
sonous in  small  quantities,  or  even  (in  milder  terms)  that  it  is  injurious. 
It  is,  however,  well  to  bear  in  mind  that  the  pure  gaJi  destroys  life,  as 
water  puts  out  a  candle.  And  that  It  mny  be  suddenly  dangerous  in 
quantities  which  often  occur  in  foul  places  in  mines,  is  shown  by  the  fol- 
lowing anecdote,  given  by  Smith.' 

A  young  tady  was  anxious  to  be  in  the  closed  chamber  (describ^l 
hereafter),  when  the  amount  of  COt  was  suRlicient  to  put.  out  the  candles. 
She  entered  when  tho  candles  wore  threatening  to  go  out,  so  that  tlicro 
could  not  bo  quite  10  per  cent,  of  oxygen  with  3.1  of  carbonic  acid.  No 
one  had  been  breathing  in  it,  so  that  the  oi^anic  matter  from  the  poison 
was  absent.  She  stood  five  minutes  perftjctly  well,  and  making  light  of 
the  difficulty,  but  surldcnly  hccamo  whito  and  could  not  come  out  without 
help.  She  was  remarkably  healthy,  never  was  ill,  and  was  troubled  with 
no  fear  of  the  air  in  which  she  stood.  * 

Id  another  experiment  with  the  closed  chamber,  candles  were  burned 


'  Annilcn  der  Chemie  und  Phanaacie,  1809,  Suppl.,  Bd.  ir, 
'  Zeitftchrift  t  Bioloffie,  Bti.  XI. 
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until  tbcy  vent  out.  Smitli  and  others  then  entered.  ""We  breathe 
without  difficulty  at  6rst,  but  a  gradual  feeltitg  of  discorafort  appeared  ( 
a  kmd  which  h  not  easily  desoribcd  ;  it  wae  retttlessnen  and  anxiety  will 
oak  pain,  whilst  the  breiit);ing  iitereo^cd  ia  rapidity.  Afterward  gma  «a 
^htsd,  and  burned  with  brilliuiicy.  On  entering  after  the  gaa  Itadj 
out,  ^mdles  were  extinguished  as  rapi<])y  and  completely  as  if 
been  thrust  into  water  ;  nevertheless  we  still  breathed,  nod  althou 
ooe  was  aiixiuu-s  to  go  out,  uo  very  correct  description  of  tbo 
ootild  be  given.  1  stood  on  a  chair,  and  then  a  feeling  of  incipient  faint 
tng  began  ;  but  liio  senses  were  nut  aniiuyed  by  anything  t>eyontl  a  feeliai 
of  doseuess,  by  no  means  so  unpleasant  as  a  school-room  or  close  end  (k 
a  mine).  This^is  a  very  important  faut»  as  it  points  again  to  the  or^^auii 
matter,  of  which  there  was  littlu  bore,  and  of  which  there  u  tnuch  in  i 
school-room  or  close-end.  The  lungs  aecnied  to  refuse  expansion,  withool 
the  senses  being  able  to  indicate  a  reason.  The  actual  amount  of  oxjgw 
when  the  gas  went  out  in  not  known  ;  but  a  8)>ecinien,  taUt;ii  from  thi 
room  after  the  door  bad  been  opened  long  enough  to  allow  throe  persooi 
to  enter,  contained  17.45  per  cent." 

**  On  another  occasion  a  still  greater  amonnt  of  carbonic  acid  wai 
present  in  the  chamber,  but  it  was  not  accompanied  with  a  cnrre-<.i 
loss  of  oxygen,  as  the  gas  was  driven  in  upon  pure  air.  The  >  _ 
therefore,  was  *^0.19  with  3.8-1  of  carbonic  acid  [=  9C  times  the  oonuJ 
perccutage].  On  this  occasion.  Dr.  Rcissig  and  Mr.  Uiggins  got  hnd- 
achcs  instantaneously  on  entering,  and  were  unable  to  suy  above  seven  or 
eight  minutes.  I  stayed  about  twenty  minutes,  still  felt  very  anxious  to 
get  out,  as  all  ray  movements  were  made  with  great  haste,  and  both  mind 
and  body  betrayed  sjnnptonis  of  feverish  activity.  There  was  also  a  rush 
of  bIoo<l  to  the  head,  the  face  was  flushed,  and  the  lungs  acted  morf 
rapidly  thitn  usuaI,  the  inspirations  being  26,  whilst  the  average  of  wak- 
ing huurs  was  »s  nearly  as  possible  20.     ...     I  was  satiatioil  that  the 


by  the  imagination.     There  was  a  burning  haste  to   lire,  as  i(  Ufe  ' 


condition  of  body  and  mind  was  caused  entirely  by  phy&ical   agents^j 
by  the  imagination.     The 
afraid  of  being  put  out." 

With  these  statements  may  bo  compared  those  of  ftT.  Foster 
book  of  Physiology).     "When  an  animal  is  made  to  bre^ithe  an  at 
phcre  containing  an  excess  of  carbonic  acid,  in  the  presence  of  an  an 
supply  of  oxygen,  the  breathing  becomes  labored,  tlie  respiratory  mc 
ments  being  deeper  and  more  frequent.     True  dys|>ii(ra,  howfver,  i 
not  set  in,  and  death  does  not  take  place  by  convulsions  and  itsj>byxi&'1 
is  the  case  in  deprivation  of  oxygen]  ;  the  symptoms,  on  the  contrarT»  re> 
serable  those  of  an  animal  under  the  infiuonce  of  a  narcotic  poison, 
as  opium."  • 

A  dog,  in  an  atmosphere  of  CO,  0}  percent.,  and  oxygon  4^  p«r  > 
fell  into  a  deathlike  coma,  but  recovered  soon  in  pure  atr,  and  in  tli 
minutes  was  as  lively  as  before.     This  is  a  mixed  result. 

There  is  also  evidence  that  simple  lessening  of  the  amount  of  oxi 
in  the  air  has  a  decidedly  injurious  effect.     It  is  palpably  si:>  in  tl 
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it  has  on  the  burntttg  of  a  oandle.  R.  A,  Smith  found  th&t  &  candle  rapidly 
wont  out  in  uir  containing  2.2  per  cent,  of  carbonic  acid,  replacing^  a  cor- 
responding amount  of  oxygen;  wljen  the  carbonic  acid  was  wasiied  out 
from  this  air,  and  the  oxygen  formed  18.5  per  cent.,  the  candle  burticdf 
but  with  a  photometrio  value  of  45,  as  against  7o  in  pure  air.  At  the 
same  time,  a  great  relief  to  breathin}r  was  felt  on  the  simple  removal  of 
the  carbonic  acid*. 

"  In  an  atmosphere  poor  in  oxyf^en  there  is  felt— -not  so  much  as  a 
consequence  of  the  presence  of  nitrngeii,  as  of  the  absence  of  oxygen — 
contraction  of  (he  chest,  tickling  of  the  eyes,  fallguc,  weakness.  And 
anxiety;  we  breathe  more  heavily  and  frequenlly,  and  are  compelled  to 
make  more  exertion  at  work,  while  perspiration  and  thirst  ensue." 
(Wehrlc.) 

Under  onlinary  circumstances,  deprivation  of  oxygenated  air  cannot 
be  endured  by  man  for  more  than  two  or  three  minutes.  Those  men  who 
dive  for  sponges  in  the  Mediterranean  '  probably  carry  this  endurance  as 
far  as  any;  the  usual  duration  of  the  dive  is  two  minutes,  and  three  and  a 
half  is  its  utmost  extent.  It  is  known  to  physiologists  that  an  increased 
amount  of  oxygen  can  be  introduced  into  tlio  blood  by  simply  accelerat- 
ing the  breathing,  without  altering  the  depth  of  inhalatioti.  Putting  this 
principle  into  prHCtice,  "the  diver,  standing  naked  ia  the  boat,  with  tho 
greatest  earnestness  practises  iiiltating  his  chest  to  tho  utmost  for  about 
ten  minutes,  and,  when  the  blood  is  thoroughly  oxygenated  by  this  means, 
seizes  the  stone,  and  plunges  headlong  into  the  sea.  When  he  is  at  a 
great  depth,  he  ofteu  remains  until  he  feels  tho  sensation  of  drowning, 
the  desire  to  sleep.  Alarmed  by  this  last  syin|>tom  of  exhausted  nature, 
he  jerks  the  ropo,  and  is  hastily  pulled  to  tho  surface  by  his  companions 
in  the  boat  above;  if  lie  loses  the  ropo,  ho  is  usunlly  too  heavily  weighted 
with  sponges,  and  is  drowned.  The  return  to  the  surface,  where  the 
pressure  is  so  much  reduced,  causes  the  blood  to  (low  from  mouth,  nostrils, 
and  eyes;  and  this,  and  tho  absence  of  normal  respiration  for  so  long  a 
time,  brings  on  a  fainting-fit,  which  lasts,  according  to  the  depth,  for  a 
shorter  or  longer  lime." 

The  sensible  effects  of  an  atmosphere  which  is  gradually  becoming 
polluted  by  the  human  breath  and  pfirspiration  are  well  described  by 
n.  A.  Rniitli,  from  whtim  the  following  is  extracted.  The  experiment 
was  made  in  a  closed  chamber  of  lead,  containing  (allowing  for  one  per- 
son and  a  chujr  and  table)  170  cubic  feet  of  air  : 

"Tho  first  trial  of  the  chamber  was  made  by  simply  sitting  down  for 
an  hour  and  forty  minutes.  This  produces  about  one  per  cent,  of  car- 
bonic acid.  The  day  was  clear  and  the  air  pleasant;  the  temperuturo 
45*  F.  No  difTerenco  was,  to  a  certainty,  perceptible  for  twenty-five 
minutes.  Then,  when  the  air  was  drawn  from  the  top  by  means  of  an 
umbrella,  it  seemed  like  a  soft  wind,  and  had,  to  some  extent,  a  pleasant 


'  A.   Hyatt:  Gnides  to  Scienoo-teachiDg,  No.  m.,  pabllshed  hj  the  Bo«tou  So- 
oiecy  of  yatorol  History,  ISTO. 
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crowded — it  waa  the  reassertion  of  the  rights  of  oxidation;  tho  blood  waa 
evidently  in  active  change  desirous  to  take  up  a  positinn  that  was  Inst, 
else  why  was  tlvis  fceliug  of  unusual  delight  in  the  mere  act  of  breathing, 
which  feeling  continued  for  four  hours?  Dinner  seems  to  have  first  re- 
xnovcd  it.  From  the  long  time  required  to  bring  the  functions  of  breath- 
ing to  their  former  state,  wo  may  of  course  argue  that  they  had  been 
muoh  disturbed.  ...  In  about  four  Iiours  tho  !ung«  rocovcrod  their 
tone.  By  the  tone  is  meant  their  unconscious  working.  Food  seemed  to 
be  more  than  usually  required,  and  was  followed  with  unusual  rapidity 
by  the  feeling  of  refrcsliment.  Now,  aa  there  was  no  unusual  bodily  ex- 
ertion, the  demand  could  not  arise  from  an  unusual  wear  of  tho  syftteni, 
and  indeed  tho  peculiar  feeling  was  rather  a  need  of  support  than  actual 
hunger  demanding  food." 

In  other  experiments  upon  persons  sitting  in  the  hermetically  closed 
rooin,  Smith  found  that  "carbonic  acid  and  other  emanations  from  tho 
person  diininiah  the  circulation,  and  hasten  the  respiration,  and  that 
tlie  effect  is  perceptible  in  a  very  short  time,  when  the  percentage  of 
carbonic  add  readies  .13  [—  18  in  10,000],  or  say  one-fifth  of  a  per  cent, 
certainly.  If,  however,  we  do  not  wish  to  infer  too  much  from  one  beat 
of  the  pulse,  let  us,  for  rough  practice,  say  i  per  cent.  We  may  infer  also 
that  smaller  quantities  will  show  thnir  consequences  after  a  longer  lime.*' 

The  result  of  continued  broatliing  of  air  in  confined  spaces  is  well 
known  to  be  fatal  after  a  certain  time.  In  the  year  JS40,  a  large  number 
of  English  troops  perished  thus  on  board  of  the  transport  '*  Maria  Somes," 
ha\*ing  been  confined  below  hatches  during  a  storm,  without  fresh  nir. 
Two  hundred  passengers  on  (he  English  steamer  "  Londonderry,'*  in  ISiS, 
were  confined  in  so  small  a  space  that  each  person  hatl  scarcely  four  cubic 
feet  of  air;  of  those,  seventy-two  died.  Tho  "Black  Hole  "  of  Calcutta 
has  passed  into  a  proverb. 

The  symptoms,  systematically  analyzed,  of  such  poisoning  are  as  fol- 
lows (Eulenberg): 

1st  stage:  Oppression  in  breathing  and  anxious  rostlcasnosa.  In  many 
persons  the  first  symptoms  are  giddiness,  noise  in  the  ears,  photopsia. 
Confusion  and  oppression  of  the  head  increase  until  the  person  cannot 
stand.  Sometimes  with  this  there  is  associated  a  kind  of  hilarious  intoxi- 
cation with  hasty  speech  and  restless  gestures,  which  may  give  place  to 
heavy  sleep  when  the  person  is  recovering, 

2d  stage:  Spasms.  These  are  not  usually  so  characteristic  as  iii  the 
case  of  carbonic  oxide. 

3d  stage:  Asphyxia. 

4th  stage:  If  removed  from  the  bad  air,  recovery  occurs  speedily  and 
perfectly.  Miners,  however,  observe  certain  after-symptoms,  including 
gastric  disturbancios,  headache,  photopsia  and  ringing  in  the  ears. 

*' When  air  more  moderately  vitiated  by  respiration  is  breathed  for  a 
longer  period,  and  continuously,  its  elTects  become  complicated  with  those 
of  other  conditions.  Usually  a  person  who  is  compollod  to  breathe  such 
an  atmosphere  is,  at  the  same  time,  sedentary,  and,  perhaps,  remains  in  a 
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constrained  position  for  sovenil  hours,  or  possibly  is  also  nnder-fcd  or  in* 
toinpcrato.     But  allowing  the  fullest  effect  to  &U  other  agencies,  theji 
no  doubt  that  the  brcatliinu'  the  vitiated  atmosphere  uf  respiration 
most  injurious  cfTcnt  on  the  health.     Persons  soon  become  pale,  and  | 
tinlly  lose  their  appetite,  and  after  a  time  decline  in  muscular  str 
and  spirits.     The  aeration  and  nutrition  of  the  blood  soein  to  be  inter 
with,  and  the  general  tone  of  the   system  falls  Ix'Inw  par.      Of  «p 
diseases  it  a]ipeurs  pretty  clear  that  puhnonary  affections  are  uum  i 
luon."     (Parkos;  Manual  of  Practical  Hygiene.) 

IVauiifer  of  oinf</en  to  the  gt/steni^  nnd  exertion  of  ear^nic 
lids  is  ellccted  in  the  act  of  respiration.  Tho  air  parta  with  oxyi 
which  by  tlio  usual  process  of  endosmous  passes  through  the  walls  ofj 
puhnonary  vesicles  and  the  capillaries  to  the  red  corpuscles,  in  tvhid 
enters  into  a  loose  combination  with  the  hicmog'lobin,  in  the  prof 
of  1.7'j  c.e.  to  1  grm,  of  the  latter.  Ry  an  rqually  facile  rhang«»,  x\\t>  fjK 
is  given  off  to  the  tissues  of  the  body  in  exchange  for  carbonic  aci<l.  TTie 
deadly  elTeota  of  carbonic  oxide  are  due  to  the  fact  that  it  combines  witli 
the  haemoglobin  with  such  eagerness  as  almost  to  prevent  the  oxygen 
from  entering  into  combination  when  inhaled,  even  after  the  poison  has 
been  removed  from  the  air.  It  "poralyxea'*  ibe  red  bloofi-corpasclos 
(Bernard),  and  the  result  is  death  by  sulTocation.  The  relief  of  M^ht 
by  carbonic  oxide  is  effected  in  the  same  way  as  in  the  case  of  dro« 
viz.,  by  artificial  respiration,  whereby  successive  though  small  quant 
of  oxygen  arc  introduced  into  the  system,  until  the  poison  is  climiiwtl 

Sulphuretted  hydrogen  ]iroduoes  efTects  re^^mbling  those  of 
acid,  but  in  a  different  manner;  it  acts  as  a  re<lucing  agent. 

*'  It  is  believed  that  the  blood-corpuscles  possess  the  power  of  oocons 
the  oxygen  inhaled,  peroxide  of  hydrogen  being  formed  by  its  combist* 
tion  with  water.  This  compound  is  again  decomposed  into  water  u^ 
<»cy^ni  which  oxygen  in  its  nascent  state  serves  for  the  purposes  of  ^| 
dation  (of  ti.ssue),  It  is  certain  that  both  blood  and  hmnoglobin  hnF 
the  jiower  of  setting  free  the  oxygen  absorbed  by  oil  of  tur}>entine,  »ntl 
that  biood-globulea  net  similarly  on  peroxide  of  hydrogen.  Tlic  naacrnt 
oxygen  thus  evolved  is  capable  of  acting  on  such  bodies  as  potassic  in 
nnd  starch,  tincturo  of  guaiacum,  etc  In  fact,  Scbunbein  taught 
the  function  of  the  blood -corpuscles  wa«  the  chemical  excitement  of 
oxygen  of  the  respired  air.  If  hipmoglobtn  be  mixed  with  alcohol 
heated  to  21"3*  F.,  it  then  loses  the  power  of  decomposing  the  perox 
Tims  it  is  held  that  there  is  perpetually  going  on,  in  the  animal  organlj 
the  formation  and  destruction  of  ozone  and  fM»roxide-  of  hydrogen, 
solution  of  the  corpuscles  and  their  alleraliun  into  other  producrta  b 
lievcd  to  be  due  to  the  ozone.  These  product*  have  no  Ioii|^er 
plastic  property,  and  in  this  way  Schmidt  believes  that  the  tiaidit 
blood  is  maintained.  (Schonbein,  Schmidt,  Scbreiber,  Btc.)'" 
statements  may  be  considered  as  quesllonable. 
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It  would  nppcar  that  the  injurioiis  effects  of  carbonio  acid  in  respired 
Air  arc  flue  to  the  fact  that,  for  purely  physical  reasons,  it  lessons  the  ex- 
chungc  of  carbnnic  acid  for  oxy^ffen,  in  the  red  glohulcA.  It  does  not  do 
this  by  pre-occupying-  the  latter,  for  it  seems  to  be  liel<i  in  solution  in  the 
entire  blood  or  in  the  seruui,  indifferently,  and  under  the  general  laws  of 
solution  ;  and  aa  soon  as  a  pure  air  is  supplied,  it  is  ready  to  pass  off  at 
once.  The  addition  of  oxygen  in  excess,  furthermore,  counteracts  an 
excess  of  carbonic  acid.  Rognaiilt  and  Ueisct  found  that  animals,  in  air 
containing  one  and  a  Iialf  or  two  times  the  ordinary  proportion  of  oxygen, 
even  if  tlio  carbonic  acid  equalled  17-23  per  cent,  of  the  air,  suffered  no 
injury  after  the  lapse  of  22-26  hours. 

The  effects  of  inhalation  of  carbonic  oxide  nro  described  as  follows  by 
Eulenberg  : 

1st  stage:  Stupefaction.  Sometimes  begins  with  great  restlessness, 
increased  breathitig,  accelerated  beat  of  tho  heart,  followed  in  animtls  by 
giddine.%s,  tottering  gait,  and  tendency  to  fall.  Sometimes  the  animal 
picks  himself  up  again  ;  at  last  he  is  unable  to  do  so. 

2d  stage  :  Convulsions.  These  arc  very  frequent,  and  are  only  absent 
when  the  quantity  inhaled  U  very  small  and  the  period  protracted.  They 
may  be  partial  or  general. 

od  stage  :  Asphyxia,  which  comes  on  with  a  rapidity  proportioned  to 
tho  dose. 

The  chemist  Chenot,  liaving  accidentally  inhaled  a  single  breath  of 
gas,  fell  on  his  back  to  the  ground  as  if  struck  by  lightning;  his  eyes 
wore  rolled  in  their  sockets,  and  his  extremities  drawn  up.  In  a  quarter 
of  an  hour,  external  .senaatinn  returned,  with  a  feeling  of  cold  and  suffo- 
cation. A  heavy  sweat  covered  his  whole  bodyj  while  a  peculiar  hyperes- 
thesia of  the  brain  existed. 

Carbonic  oxide  is  known  to  be  often  present  in  minute  quantities  in 
the  air  of  inliabited  rooms,  proceeding  from  defects  in  fiiTnacns  or  stoves, 
and  to  some  extent  from  the  imperfect  conibitstiuii  of  illuminating  ma* 
teriaJ.  Being  a  frequent  ingredient  of  illuminating  gas,  it  may  enter  a 
room  through  a  leak,  or  through  the  sides  of  flexible  tubes.  It  has  been 
foinid  in  tobacco-smoke.  Many  pfio]>lo  suffer  from  small  amounts;  the 
effects  commonly  attributed  to  its  action  in  ordinary  Vita  are,  giddiness, 
headache,  and  prostration  of  strength.  It  exists  in  the  smoke  of  a  glow- 
ing candle-wick,  Dnath  occasionally  results  from  the  careless  use  of 
braziers  containing  charcoal,  so  cnmraonly  used  in  Southern  F!Iurope:  King 
Alfonso  very  nearly  lost  his  life  from  this  cause,  a  few  years  ago,  in  Spain. 
The  danger  of  closing  the  chimney-<lraught  of  a  stove  arises  chiefly  from 
the  probability  that  quantities  of  this  gas  will  be  thrown  liack  into  the 
room.  The  fuel  (anthracite,  wood,  coke,  charcoal,  soft-coal),  which  burns 
readily  and  without  cnrliomc  oxi<le  while  abundant  fn;sh  air  is  supplied, 
gives  rise,  when  the  draught  is  checked,  to  the  half-oxidized  product  (CO 
instead  of  CO,).  In  no  case  can  we  .say  that  a  given  fire  produces  no 
carbonic  oxide.  For  example,  in  a  be<l  of  live  coals,  ten  inches  deep,  wo 
know  that  it  exists  in  abundance  in  the  central  layers,  where  oxygen  is 
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deficient  in  amount  ;  it  issues  in  quantities  from  t)i«  nppcr  Uver,  wl 
again  meeting  with  air^  it   bocomeg  further  oxidized  or  burnt,  miking 
blue  or  yellowish  fliinio,  rharacteriatic  of  the  perfect  combustion  of  an 
cite  and  charcoal,  and  forming  carbonic  acid. 

The  best  method  of  determining  the  amount  of  carbonic  acid  in 
sir  is  that  of  fottcnkofer,  as  given  in  Langc  (Uebcr  nalOrliche  Von 
tion)  and  tn  Parkes'  Hygiene,  originally   in   Pettnnknfer  (Teber  Lflftnit^ 
und  Iloixung  von  Eisenbahnwogen);  also  in  Wolffhtlgel;    l.'eb*r  die  Frft- 
fung  von  Ventilations-Apparaten.      The  process  conBists  in  ubsorjitio^H 
the  carbonic  acid,  contained  in  n  bottle  of  given  size  filled  with  tho  aii^P 
be  tested,  by  the  hydroxide  of  an  alkaline  earth,  and  titration  with  oxalio 
acid.     I.ime-wAtcr  may  be  used,  but  baryln-water  is  preferable.      A  more 
simple  method,  however,  is  desirable,  and  will  bo  here  dcscril«Hl,  being 
sufficient  to  dctcnnino  with  tolerable  accuracy  the  number  of  parta  in 
10,000  without  fractions.     It  ia  gjven  as  proposwl  by  Lange: 

The  test  depends  firstly  on  the  fact  that  carbonic  acid,  in  Iimo<watic 
or  baryta-wator,  cAiises  a  precipitate  of  carbonate  of  lime  or  horiutUt ' 
l>ecomes  manifest  by  turbidity  of  the  solution,  previously  clear;  atnl, 
ondly,  that  the  eye  does  not  perceive  this  turbidity  until  it  has  react: 
certain  point — which  may  vary  with  different  ob9or\'er«,  but  n»ay  be 
ished  by  each  one,  arbitrarily,  for  himself.  The  richer  the  air  in  cartwnitt 
acid,  the  less  air  will  bo  required  to  impart  a  dlMinct  turbidity  to  h  i 
finite  quantity  of  baryta-water.  In  making  the  test  he  uses  bIx  bott 
containing  respectively  450,  3jO,  300,  :?uO,  :2uO,  and  150  c.c.  The  Iwti 
being  made  jjerfectly  clean  and  dry,  15  c.c.  of  clear  fresh  lime-water  is  ] 
into  the  smallest,  the  cork  replaced,  and  the  bottle  well  shaken, 
next  observe  whether  a  turbidity  has  appeared;  if  not,  we  tftko  tho  nnxt 
larger  bottle,  go  thruiigh  the  same  process,  and  so  on,  until  a  bottli 
found  In  which  a  distinct  turbidity  appears.  It  is  well  to  acquire  by  ] 
vious  experiment  a  notion  of  the  appearance  of  a  fluid  which  ts  just  i 
coming  turbid;  this  can  easily  be  done  by  performing  the  exp*rimenC 
peatedly  in  the  open  air,  in  tlie  garden,  etc.,  wliMn;  the  atr  contains  ji 
enough  to  give  rise  to  tho  appearance.  Such  air  will  mritain  wir  4 
volumes  of  carbonic  acid  in  10,000;  certainly  not  so  much  as  0. '  Thol 
of  a  chamber  will  rarely  bo  as  pure  as  that;  we  must  b«  content  if  we  bav* 
to  use  tho  second  bottle  (of  350  c,c.),  before  (tpacity  occur*;  the  air  wiH 
then  contain  about  7  of  carbonic  acid  to  10,000.  and  we  may  }>erlia]is  ba 
content  with  even  tho  third  (300  cc),  which  indicates  S  parta.  Hut  if 
fourth  (250  c.c.)  is  made  turbid,  an  amount  of  nearly  10  in  10,000  is 
dicatod;  tho  fifth  (:^00  c.c.)  shows  12,  and  if  tho  sixth  and  smallest 
c.c.)  should  be  made  turbid,  there  are  at  least  16  volumes  of  caHm 
acid  in  10,000  of  air,  which  renders  it  needless  to  employ  smallt^r  boltl 
A  small  ]>tece  of  }>aper,  marked  on. tho  inside  with  a  cross  in  lead-pvni 
may  be  gummed  to  the  side  of  the  bottle  at  the  lowtr  part;  ib«  facti 
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turbUlness  may  bo  judged  of  by  tho  cross  bocoming  inviaiblc  when  looked 
at  through  the  water. 

Another  method  rt-quiros  the  use  of  only  one  bottle,  of  the  size  of  50 
o.c,  with  a  eork  jilerced  by  two  glass  tubes.  Sovcn  Liontiuictrcs  of  baryta- 
watcr  (0  gnns.  to  the  litre)  arc  put  into  thi-  bottle,  mid  surcessivo  (ihargea 
of  air  aro  sutrlied  tliroug-h  thn  fluid  by  ineauH  of  a  rubber-tnho  and  ball- 
Byrinj^  of  known  size  {whit-h  gives  23  v.c.  of  air  when  pressed).  At  every 
successive  introduction  of  air  into  iho  bottle,  the  latter  is  sliaken  to  cause 
the  contained  carbonic  acid  to  eomblnc  with  the  baryta.  Tho  gradations 
observed  are  finer  than  in  the  other  ujethod,  being  aa  follows  (beginning 
at  the  second  charge) :  n,  17.(1,  14.8.  I2.ll,  11.  0.8,  8.8,  S.O,  7.4,  G.8.  «.;J, 
5.8,  5.4,  5.1,  4.9  parla  per  1U,000.  Tin-  nn-tiiod  is  given  with  rlntails  by 
Latige,  op,  cit.  Jt  may  be  better  to  introduce  the  air  by  an  aspirator,  which 
»  a  tin  box  of  water,  with  a  tube  at  the  top,  which  can  bo  connected  with 
the  bottle;  when  a  cock  at  the  bottom  of  the  box  is  turned,  a  measured 
amount  of  water  escaping  will  suck  an  equivalent  amount  through  (he 
bottle. 

The  presence  of  earlionic  oxide  in  the  air  inav  be  recognized  by  the 
spectroscopic  test,  as  given  by  II,  M'.  Vogcl.'  Tho  following  is  quoted 
from  1-angc  :  "A  bottle  of  about  100  c.c.  capacity,  filled  witii  water,  i3 
cmiitied  in  the  room  of  which  the  air  is  to  be  tested  ;  then  2  or  3  c.c.  of 
water,  containing  blood,  are  poured  into  the  bottle.  Tho  amount  of  hlno(j 
should  be  just  sufficient  li»  ini]»art  a  tinge  of  red,  but  should  give  the  well- 
known  absorption-band  in  the  spectroscope,  when  hold  in  a  test-tuho  of 
1.8  to  2  ctm.  in  thickness.  If  this  solution  be  shaken  in  the  bottle  for  a 
minute,  any  carbonie  oxido  that  may  he  present  will  detnanstrato  its  exist- 
ence by  changing  the  color  of  thct  blood,  which  will  become  of  a  stronger 
nd  (rosa).  The  absorptioti-linndv,  at  the  same  tinio^  are  a  little  paler, 
idore  obliterated,  and  a  little  further  to  the  left,  than  in  pure  blood.  These 
appearances  arc  enough  to  determincj  for  a  skilled  spectroscopic  analyst, 
the  presence  of  CO;  but  those  less  experienced  may  satisfy  themselves 
by  adiHng  three  or  four  drops  of  strong  sulphun.'t  of  ammonium,  which 
matce*i  ihe  two  lines  disappeur  in  blood  which  is  free  frum  carbonic  oxide, 
their  places  being  supplied  by  a  broad,  pale  (vcrwaschcn)  shadow ;  while 
tho  bBt:ds  in  blood  impregnated  with  carbonic  oxide  arc  un&ITcctcd  by  suL- 
phurot  of  ammonium." 

Kflhno  *  states  that  carbonic  oxide-gas,  combined  with  hicmoglobin, 
causes  the  absorption-band  a  to  move  toward  I  he  line  E  of  Frauenhofer: 
blood  containing  this  element  is  not  darkened  by  any  of  the  reducing 
agents,  and  the  bands  a  and  ^  rentain  without  the  appearance  of  tlio 
tfhadow  y. 

Bottcher's  reaction'  for  carbonic  oxido  depends  on  the  production  of 
a  black  oolor  in  a  strip  of  linen  or  cotton  cloth,  first  saturated  vritii  a 
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modoratoly  concentrated  solution  of  chloride  of  palUtdium,  tLeu  sap 
nlly  dried  between  blotting-paper,  and  then  exposed  to  the  air  to  bo  testi 
Tlie  blacking  should  appear  witbin  a  few  tninutes.    Goitschaik  '  haa  modi* 
Hci]  this;  he  nnea  t>odio-chloridc  of  palladium,  and  pasBcs  the  air  bjr  asji 
tioa  through  a  solution  of  the  salt. 


M1SCKI.T.ANKOU8  lurrniTiKS  tv  tije  Air. 

This  part  of  the  subject  is  by  no  means  free  from  complexity, 
number  of  Rubstanccs  already  known  to  exist,  in  various  ways,  in  tbf  j 
is  very  great.  Some  uf  them  are  found  in  a  form  and  under  circ'umslafl 
\v|ii<!li  enable  us  to  state  tliat  their  origin  in  inor^>nic;  such,  for  iiMtaore, 
are  the  chloride  of  sodium  and  other  salts,  found  in  the  purest  »ea-air. 
Others,  though  eomposcd  of  the  same  (inorganic)  elements,  are  traceable 
to  the  decomposition  or  combustion  of  organic  matter;  such  arc  th« 
chlorides  and  suIphuteH  found  near  largo  cities.  In  fact,  the  changws  un- 
dergone in  the  air  by  many  substances  are  so  rapid,  tbnt  it  is  not  jxiSNbli) 
to  classify  them  strictly  by  reference  to  their  origin.  We  shall,  tberefo 
first  cnumerato  the  substances  found  in  air,  according^  to  their  oondit 
as  solid,  gaseous,  or  in  solution. 


Soiid  Jmpttritie3. 

Foreiffn  ingredients  in  the  solid  form  are  brought  into  the  air  in  Tari* 
oi;s  ways.  As  dust,  they  are  taken  up  from  the  soil  by  the  wind,  and  •« 
thus  often  tnLiis{>orted  for  hundreds  of  miles.  African  organisnu 
been  found  in  the  air  of  Berlin.  In  certain  parts  of  the  world,  the  ; 
flicnco  of  winds  in  a  given  direction  for  long  periods  has  effected  a  chan 
in  the  natural  features  of  the  landscape,  and  has  produced  a  strattfi 
deposit  of  great  thickness  (Incss),  ast^ribed  to  the  accumulation  of  to 
particles  conveyed  by  the  wind  from  distant  plains.  Depositing  its  bar 
of  dust,  the  air  in  process  of  time  fills  up  the  valleys,  and  conrerts  I 
country  into  a  nearly  level  plain,  rising  gi»ntly  to  the  centra]  continra 
elevation.  Such  an  origin  is  ascribed  to  the  great  plains  which  ext4 
from  the  Mississippi  to  the  Rocky  Mountaiiis,  and  to  the  stepftea  uf  Chi 
and  Central  Asia  (Von  RJchthofen). 

The  discharge  from  volcanoes,  as  is  well  known,  may  also  travel 
cnil  hundreds  of  miles  through  upper  strata  of  air,  finally  ap}>earing 
the  surface  of  the  earth  as  showers  of  dust. 

The  debris  of  vegetation,  in  a  pulverulent  state,  clears  to  lai^ 
amounts  in  the  air,  and  both  animal  and  vegetable  organisms  abound.  It 
la  next  to  impossible  to  obtain  air  that  is  quite  free  from  somo  of  this  cL 
of  impurity. 

The  injury  inflicted  on  the  system  by  these  substances  is  difRcuU  1 
state  ;  but,  while  we  know  the  desirableness  of  pure  air,  we  mti9l 
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admit  that  a  moderate  amount  of  mineral  impurity  of  a  neutral  sort  is 

le  without  manifest  injury.  Of  the  injury  received  by  iiihalii>|^ 
oertain  special  matters — carbon,  arsenic  (arseniuretted  hydrogen?),  lead, 
antiraonVf  and  other  poisonous  or  irritating  Kubstancoa  in  powder, — an 
account  will  be  given  in  another  part  of  this  work,  under  Diseases  of 
Occupation. 

Among  the  substances  found  in  dust,  are  to  be  named  silica,  ailicate 
of  aluitiina,  carbonate  and  pho!iph&to  of  liino,  peroxide  of  iroti,  and  other 
minerals,  from  the  soil,  in  an  unchanged  condition.  Particles  of  iron 
stripped  or  rubbed  from  the  rails,  may  be  detected  in  the  air  of  a  railroad- 
train.  Paint,  cement,  ashes,  stone-dust,  shell-dust,  and  various  metals  in 
B  minutely  subdivided  form,  may  be  similarly  found  in  certain  workshops 
and  ofBcos,  giving  rise  to  a  variety  of  special  diseases. 

From  the  burning  of  soft  <!oal  coiui^  large  (juaiiLilIifs  of  tar  and  soot, 
estimated  by  Smith  to  equal  one  per  cent,  of  the  weight  of  the  fuel. 
These  are  ver^'  slow  in  passing  off,  being*  too  heavy  to  rise  high  or  drift 
far.  As  a.  rule  (Parkos),  tho  particles  of  carbon  are  not  found  higher 
than  COO  feet. 

The  animal  and  vegetable  kingdoms  furnish  a  great  variety  of  material 
for  "  dust." 

Among  these  may  bo  mentioned  certain  minute  animals,  that  live  in  tho 
air,  or  n^ay  have  been  lifted  from  tho  surface  of  the  wiiter  by  the  oscen- 
sional  force  of  evaporation.  Fragments  of  insects  are  fuunil.  KlircnlK;rg 
has  discovered  individuals  of  tho  rhizopods,  tardigrades,  and  unguillulir, 
which,  when  dried,  retain  their  vitality  for  months  an<l  years ;  and  in 
dust-showers  he  has  found  some  hundreds  of  forms, classed  as  polygastrica, 
]}hyt{)lithari.'C,  etc. 

Bacteria,  vibrionos,  and  monads,  are  found  very  fro<iucntly. 

From  the  vegetable  kingdnm  como  the  seeds  and  dubrisot  vegetation; 
pollen,  cuticular  scales,  vcgotablc  fibres  and  hairs,  seod-capsules,  globular 
cells,  etc.,  etc. ;  the  eporcs,  r.irc!y  tho  mycelium,  of  fungi;  mycoderms 
and  mucedinos,  volatile  substances  and  odors,  tho  cells  of  protoooccua  phi- 
viatiiis,  and  perhaps  of  other  algip.  And  of  the  lowest  orders  of  life  wo 
find  diatoms  and  living  infusoria,  and  those  extremely  minute  and  oval 
colls,  probably  growing  by  cleavage,  called  microzymes. 

The  air  of  streets  often  contains  considerable  quantities  of  vegetable 
fibre  from  horse-droppings. 

In  enclosed  spaces,  where  many  persons  are  living,  %*e  may  find  scaly 
^jjithelium,  round  cells  rpsernblirig  nucl«I,  animal  and  vegetable  fibres 
(wool  and  cotton),  starch,  and  other  elements  of  food,  liair,  wotnl,  coal, 
pus-globules,  fatty  crystals,  and  bacteria,  both  free  and  in  the  zooghieal 
form.  Under  more  special  conditions  wo  find — in  skin-wards,  achorion, 
the  spores  and  mycelium  of  trir.hojdiyton,  variolous  corpuscles  ;  in  phthisi- 
cal wards,  cells  like  those  seen  in  tuberculous  matter  (\V'^Htsoii). 

Some  amorphous  substances  may  be  the  remains  of  animal  bodies  or 
animal  disehargefi. 

Tho  power  of  vital  resistance  possessed  by  certain  low  organisms  Is 
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most  romsrkahlo.  ^fessrs.  Dallinger  and  Drysiiale^  have  found  that  Ui 
sporulcs  of  certain  cen'ornonatla  rpsist  an  fixpnsuro  to  a  dry  heat  abov 
that  d£  boiling  water,  in  one  cose  retaining  life  at  250^  F.,  in  aiiott 
300°  F,  These  germa  are  of  exceaaive  minntencsa,  not  cxccwling 
of  an  inch  in  diauietiir.  Tn  repeating  the  cxperimcnta  a  few  Tearv' 
sequenlly,"  ii  similar  rctult  was  n^ohwl;  the  spores  of  a  certain  formi 
cf?rcomona<]  liver]  at  2AS°  dry  heat,  and  220°  moist  heat;  the  aduH  fora 
■wore  killed  at  14^°. 

According-  to  Carpenter*  the  rotifers,  tardigrades,  and  a-nguilltt] 
po8af^s.s  ihc.  power  nf  revival  aft»^r  desiccation  for  howovor  remotp  a  tin: 

Petit '  has  found  that  Uiatoma,  collected  with  the  soil  which  bore  tbri 
and  allowed  to  dry  under  exposure  to  the  8un  for  six  and  eight  inondi 
preserved  ihoir  vegotative  power.  It  scorned  to  be  noccssarv,  ho««r( 
that  the  drying  hlnmUl  1*  gradual,  aa  is  the  case  in  nature. 

Tiiose  statements  wili  remind  the  reader  of  the  application  which 
dalt  and  others  have  made  of  our  knovvle^iiii^o  of  minute  or^iiii 
establishing  a  "germ  theory  *^  of  disease.  Tyndnll  *  liolds  that  th« 
sage  of  a  tJowerful  beam  of  light  through  air  is  the  best,  if  not  the' 
absolute  test,  for  showing  tho  presence  of  minute  particles,  such,  fc 
ample,  as  the  sjiores  previously  mentioned,  which  would  almost  cer 
have  eluded  microscopical  search  if  they  bad  not  been  watched  fori 
act  of  escaping  from  the  parent  cell.  The  motes  in  the  air  are  wh^  rei 
dcr  tho  beam  of  light  visible;  and  when  nir  is  allowed  to  purify  it««If  li 
simj)lc  rest,  giving  the  motes  time  to  settle  and  adhere  to  the  bottom  an 
sides  of  the  containing  vessel,  it  is  found  that  tlie  beam  ceases  to  be  vni 
bte.  ]t  is  also  found  that  air  thus  purified,  by  standing  three  or  fonr  davi 
no  longer  posseRscs  the  pnwer  of  exciting  putrefaction  in  infusions  u 
animal  and  vegetable  substances  previously  heated  to  a  Buflicient  degret- 

The  bearings  of  this  discovery,  and,  in  fact,  of  the  whole  contmrriri 
eonccrning  "spontaneous  generation,"  arc  obvious.  Lister  has  made  th« 
practical  inference  that  by  exclusion  of  germs  from  the  large  surf 
after  amputations,  tlie  health  and  rapi<l  union  of  the  juirtscnn  be  i-l__:_  _. 
he  attains  his  object  by  operating  in  a  cloud  of  the  vapor  of  rarbolic  add 
and  by  the  purilicatinn  of  all  his  instruments  and  appliances  from  getWA, 


Tyndali,  assistofl  by  a  number  of  coadjutors,  experirnmted  Uf 
rfreet  wliicli  exjHisure  to   the  air  has  in  setting  up  the  jirocess  i 
position  in  animal  Infusions  or  broths.     In  these  experiments 
series  of  test-tubes  were  exposed  in  various  places,  in  different 
In  all  that  were  exposed  to  the  air,  before  the  latter  had  been  pur 
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'  Monthly  91  iomwopical  Journal.  VoU.  X.  and  Xf. 

*  ProoccduigB  of  tb«  Royal  Soci«t^,  No.  187,  1878.     Amorican  JoamaJ  of 
copy,  VoL  in.,  No.  8. 

*  Tlie  Microscope  anrl  ita  Bevalatuuis. 

*  American  Jonmol  of  ^fioroMopy.  VoL  III.,  No.  4. 
■  Od  tho  Optical  n«portment  of  tho  ALmcMphere  Id  RefereDce  to  th9  PTienom* 

Putrefaction  and  Iiift.-clioD.     Al»trmct  of  a  paper  retd  before  the  Hoy*!  Soc(«tj.  Jsaa- 
ary  13, 1870,  by  Prof.  Tyndali,  F.RS.     American  Joumal  Hloroaoopy,  VoL  I , 
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Rettling,  ihcro  w^rc  fouRd  bacteria,  or  pcnirillium.  As  a,  goneral  rule, 
thofio  exposed  during  tlic  autumn  remained  fur  two  days  or  more  per- 
fectly clear.  l>oubllut)»  from  the  first,  germs  fell  into  tticm,  but  tliey  re- 
quired lime  to  be  hatclied.  This  period  of  cleaniess  may  bo  called  the 
'*ncriod  of  latonry,"  and,  indeed,  it  cxaetly  corr*!sponds  witli  what  is 
understood  by  tliis  term  in  medicine.  Toward  the  end  of  thin  period  of 
latency,  the  fail  into  a  stato  of  disease  ta  comparatitely  sudden,  the  in- 
fusion passing  frutn  perfcet  clearness  to  cloudiness  more  or  less  dense  in 
a  few  hours. 

Ajiolher  remarkable  point  is  the  inequality  with  which  different  test- 
tubes  (in  a  series  of  100  exposed  at  once,  side  by  side)  seem  to  be  attacked 
by  these  germs.  In  one  experiment,  on  the  third  day,  twenty-seven  tubes 
lud  been  attacked,  scattered  at  various  pointa  in  the  set.  On  the  next 
day  all  were  attacked,  but  the  differences  in  their  contents  were  extraor- 
dinary. All  of  them  contained  bacteria,  some  few  others  in  Bwarms.  In 
some  tubes  they  were  slow  and  sickly  In  their  motions,  in  sonu:  apparently 
dead,  while  in  others  they  darted  about  with  rampant  vigor.  These  dif- 
ferences arc  to  bo  refcrrtKl  to  changes  in  the  genninal  mutter,  for  the  same 
infusion  was  presented  everywhere  to  the  air.  Here,  also,  wc  have  a 
picture  of  what  occurs  during  an  epidemic.  The  air  which  cummunicates 
infection  to  the  teat-tubes  may  be  supposcti  to  contain  the  gc-nns,  not  in 
uniform  diffusion,  but  in  musses  which  may  bo  compared  to  clouds. 
Khrenberg,'  in  1838,  made  the  same  comparison.  The  air  which  conveys 
the  infection  of  fevers  or  of  gangrene  may  bo  similarly  jirt^sumed  to  con- 
tain, now  great  quantities,  and  now  scarcely  any,  of  the  organisms  in 
question  ;  ami  in  a  room  containing  the  infection,  a  portion  of  the  air  may 
bo  loaded,  whilo  other  portions  arc  nearly  free,  which  would  explain 
anomalous  cai>es  of  escape  from  »eptic  or  zymotic  influences. 

Gaseous  Impurities, 

The  following  gaseous  compounds,  found  as  impunttes  in  the  air,  arc 
mentioned  by  Parkes: 

Of  carbon. — Carbonic  acid  (abnormal  if  exceeding  5  in  10,000  parts), 
carbonic  oxide,  carburctted  hydrogen,  and  peculiar  substances  (gaseous) 
in  sewer  air. 

0/ aHlffhur. — Sulphurous  acid,  stdphurtc  acid,  sulphuretted  liydrogcn, 
ammonium  sulphide,  and  carbon  bisulphide. 

Of  chlorina. — Hydrochloric  acid  from  alkali-works. 

Of  nitro'jcw. — Ammonia  and  ammonium  acetate,  sulphide,  and  car- 
bonate (normal  in  small  amount  '0,  and  nitrous  and  nitric  acids. 

Of  phosphontfi, — Phosphnrotted  hydrogen. 

Sulphur  compoiinfh. — Sulphur  exists  in  most  animal  sulistsnees,  and 
during  their  decomposition  forms  sulphuretted  hydrogen  and  sulphide  of 
ammonium.  Sulphuretted  hydrogen  has  very  few  inorganic  sources,  and, 
leaving  out  coal,  may  bo  taken  as  an  index  of  the  decomposition  of  ani- 

'  InfuHions-Tbiorchen,  p.  5S5. 
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^y  aal  regeUbb  nutter.  When  in  the  air,  freely  exposed  to  tho] 
taift  «<  osTgen,  it  becomea  sulphuric  acid.  Sulphide  of  ammoiuq 
4MBA  cveoBstanoes  becomes  s  sulphate,  which,  cncountcrir 
jak  (cUoride  of  sodium),  produces  sulphate  of  noda  and  chloride  of  nn 
■  »ooimn.  The  sulphates  form  a  characteristic  ing^rodient  of  the  sir  \ 
■MBoCscturing  (soft-conl  burning)  districts. 

Sttric  acid  is  produced  by  the  oxygen  of  the  air  actings  on  ammonn 
ocoo  the  organic  substances  which  contain  nitrogen^  and  are  caps 
giving  out  ammonia  by  their  decomposition  (Smith).      Ica  amount ' 
but  in  general  it  increases  in  the  upward  direction,  and  in  propor 

that  of  ammonia  diminishes.     It  probably  does  no  hami,  unleas        

in  exoessive  quantities,  and  may  be  considered  as  one  of  the  raost  whcd 
some  gaseous  forms  in  which  nitrogen  and  hydrogen  pass  into  the  air. 

Ammonia  is  commonly  given  ofT  during  the  decomposition  of  orgaa 
substances,  unless  strong  oxidizing  influences  are  present;  it  appears 
combination  oliiedy  aa  a  carbonate  or  a  sulphide.  The  presence  of  oxygc 
and  that  of  sulphuric  acid  also,  in  the  air  with  which  it  niinglee,  ooorei 
these  bodies  into  sulphate  of  ammonia,  which  undergoes  a  further  cbani 
upon  nicoting  with  chloride  of  sodium — as  was  mentioned  under  sulpliii 
This  ammonia  is  a  sign  that  decomposition  has  occurred;  U  is  abundai 
in  foul  places,  as  privies. 

Ammonia  by  itself  in  minute  quantities  cannot  bo  cUf^sed  as  a  morli 
fie  agent.  It  is  not  disagreeable  to  all.  But  it  "has  ver>'  bad  relation 
and  keeps  very  bad  company;  and  if  it  increases  so  as  to  be  percepiibbi 
the  senses,  it  becomes  unpleasant,  and  of  course  unwholesome,"    (SmitK 

The  term  "  albuminoid  ammonia  ^  designates  that  which  is  obcainr 
fsom  organic  substances,  either  alive,  or  dead  and  in  decay.  An  excf! 
in  air  is  a  suspicious  circumstance;  but  we  cannot  always  tell  to^| 
such  excess  is  due.  ^1 

The  following  tables  are  given  by  Smith  as  results  of  analyses  of  w 
from  places  widely  differing  in  character.  Tho  figures  arc  only  rrlati^T 
showing  the  amount  present,  as  measured  by  reference  to  that  contoiiu^ 
in  pure  air  from  Innellan,  on  the  Firth  of  Clyde,  taken  at  100:  ^H 


Innellan 

I  ,ondon 

A  bed-room 

Glasgow 

Inside  and  outside  of  office 

TlndergTound  Railway  (Metropolitan) 
A  midden 


ToUl 
Ammoxua. 


100 
113 
179 
202 
205 
334 
3U5 


Albojouooid. 


AftniniiMM 


One  of  the  readiest,  though  not  in  all  senses  the  most  exact,  of  tetU 
for  tho  presence  of  organic  matter  in  air  consists  in  the  use  of  aolutiooi 
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of  pcrnmnj^imto  of  potassiuTn — a  salt  wliicl)  re&dily  parts  with  some  of 
its  oxygen  to  tlie  orgaciio  matter^  and  in  doing  so  loses  tliu  rich  ]>uri)lu 
color  it  possesses  even  when  much  titlutcd.  Jn  one  respect  tlie  test  is  ex- 
act, for  we  can  state  the  amount  of  oxygen  which  h&s  been  subtracted; 
but  this  does  not  inform  us  whether  the  oxygen  has  been  taken  up  by 
tfulphurouH  acid  and  sulphuretted  hydrogen,  nitrous  acid,  tarry  matters, 
etc.;  or  whether  organic  matter  has  been  the  active  agent.  In  catsCH 
whoro  organic  matters  alone  are  concerned,  the  process  is  one  not  suiteil 
to  the  use  of  nun-professional  pcreons. 

There  are  sevenil  ways  of  applying  tlic  principle.  One  ia  to  use  a 
bottle  of  given  size,  and  find  the  amount  of  a  solution  of  pcnnanganato 
(of  known  strength)  tliat  is  decomposed  by  the  air  contained.  Another 
way  is  to  pass  successive  volumes  of  air  through  a  solution,  and  nutitig 
the  amount  of  air  rc(juired  to  produce  tlic  decomposition;  hero  the  im- 
purity of  the  air  will  be  inversely  proportioned  to  tlie  bulk  required. 
'J'he  aspirator  may  properly  be  use^  for  this  purpose. 

However  imperfect  this  method,  it  certainly  yields  valualile  indications, 
and  with  tolerable  eonstaticy. 

A  ready  way  of  pointing  out  the  existence  of  impurity  to  uiiskilic<l 
persons  is  to  wash  successive  volumos  of  air  with  the  same  water.  A 
inilkiness  is  soon  observed  if  the  air  is  impure.  With  a  guotl  country  air 
the  test  invariably  requires  many  more  bottles  to  produce  the  impurity  in 
wH,(er,  than  is  t)ie  case  in  fioor  air. 

Animal  Ejehalatlons. 

That  these  substances  probably  form  an  important,  though  minute, 
part  of  the  air  of  close  rooms,  and  also  that  they  are  in  tiome  vrxy  closely 
connectcnl  witli  watery  viipor,  seems  to  be  admitted. 

I^nge  states  tliat  water  collected  from  the  witidows  of  ill-ventilated 
schools  and  barracks  becomes  putrid  urtcr  standing  a  short  time.  In 
such  water  arc  contained  the  elements  which  affect  our  senses  unpleasantly 
when  we  enter  confined  places,  whether  they  have  been  recently  occupied, 
or  whether  they  liavo  been  long  disused  and  shut  up.  Very  few,  if  any, 
places  exist  which  do  not  possess  their  own  sjiecial  odor,  jierceptible  to 
those  who  have  a  fine  organi/.iiion  in  respect  to  smell.  Whence  this 
odor  (.'omea  is  often  extremely  hard  to  tlecide.  It  is  evident,  however, 
that  it  may  in  part  be  traced  to  nnimal  deposits  on  furniture  and  walls, 
in  carpets,  cushions,  and  curtains.  The  froshness  of  &  kitchen  or  hospital 
ward  that  is  often  and  well  scruhlied  proceeds  from  the  frequent  removal 
of  surface  imjmrity,  whereby  the  air  of  the  room  ia  brought  to  a  condition 
resembling  that  of  the  outer  air.  Furniture  that  has  been  long  nogloctod, 
when  polished,  may  be  stripped  of  a  dusky  glutinous  coating.  TUo  wood 
of  gymnajftic  apparatus,  and  even  in  school -rooms,  if  not  washed  well,  has 
a  smell  of  perspiration  highly  clmracteristio. 

The  sources  of  this  organic  deposit  arc  chiefly  the  perspiration  and 
the  breath. 
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The  perspiration  contain!  chloride  of  sodium  and  small  qoantit 
other  inorganic  salts.  A  small  amount  of  carbonic  acid  is  exhsled  ii 
way:  10  gnns.  in  twenty-four  hours,  according'  to  SchaHing,  4  gm 
cording  to  Aubert.  Among  the  substances  which  ^ve  it  odor,  and  i 
are  noxious^  are  included  the  f(^towing  list  (and  others),  rix.:  «ci 
the  fatty  series,  as  formic,  acetic,  butyric,  and  probably  propionic,  csj 
and  caprylic,  and  various  other  volatile  acids  in  small  quantity;  s1m> 
tral  fats,  and  cholesterin;  ammonia  (urea),  and  possibly  other  nitrog< 
iKMlies.    (Foster.)     This  statement  refers  only  to  the  condition  of  be 

In  respiration,  various  impurities  in  small  amount  are  throw 
many  of  which  are  of  an  unknown  nature.  According-  to  Lehmsnn, 
substances  as  alcohol,  phosphorus,  camphor,  and  ethereal  cils,  which 
been  taken  with  the  food,  are  not  infrequent  in  the  breath;  and 
when  no  such  substances  can  be  detected  in  the  food,  small  qusntil 
an  organic  hydrocarbon  are  found  in  tho  expired  air.  A  little  ami 
and  a  good  deal  of  water  are  also  present.  But  the  poisonous  ingrei 
are  those  whose  precise  nature  is  unknown. 

The  organio  matter  from  the  lungs,'  when  drawn  through  sulf 
acid,  darkens  it  ;  through  permanganate  of  potash,  <lccolorizes  it 
through  pure  water,  renders  it  offensive.  Collected  from  the  air  bj 
dcnsing  the  watery  vapor  on  tho  sides  of  a  globe  containing  ice  | 
Taddci  in  the  wards  of  the  Santa  Maria  Novella),  it  is  found  to  b 
cipitatcd  by  nitrate  of  silver,  to  decolorize  potassium  permangani 
blacken  on  platinum,  and  to  yield  ammonia.  It  is,  therefore,  nitrog 
and  oxydizable.  It  has  a  very  foetid  smell,  and  this  is  retained  in  a 
for  so  lung  a  time  (sometimes  for  four  hours,  even  when  there  is  fro 
tilation),  as  to  show  that  it  is  oxydized  slowly.  It  is  probal>ly  ir 
hination  with  water,  as  the  most  hygroscopic  substances  absorb  niosl 
It  is  iiltsorliod  most  by  wool,  ft^atluTs,  damp  walls,  and  iiK>ist  paj-r 
iciist  iiy  siniw  uri<l  h<jrs<'-lijiir.  ...  It  is  protmhlv  not  a  ^'iis, 
imilrriiliir  aiiij  lloats  in  i-Iotnls  tlinmijli  tho  air,  a.s  tln'  ocl.ir  is  imi  ; 
I'fjtiiilly  (nfTiisi''l  tlinm^li  a  room.  It)  a  nttiui  the  air  of  wbicli  is  : 
|M'rfi'<Mlv  |Mir<',  Ijiit  is  vitiated  liv  r<*s[>iratinn,  the  sindj  of  {triziiti'n- 
is  ■riii.ially  jii-rctjiiiljlr  wln-ti  thi-  ('<>.  n-achcs  7  jier  Ui,(JOO  i>:irts, 
viTV  siroriir  \vli.'ri  it  ariioiiiits  to  lU  parts. 

KiMin  tlic  jiir  nf  inliabitc'il  ronins — and,  indocd,  from  nir  in  f^pr 
wlicM  ilra\vii  tlirniiirli  pm'f^  watrT,  fret;  niniinmia  ami  aniiiK'nia  i?i  coi 
tioM  with  (ii-i.'-;iiii,-  lio.lics  (allmmiiinii)  aimiKinia)  mav  i>».*  olilairifii  I 
lillatidii  wiili  alkaliiif  |JLTtiiaiii;aiiati',  in  the  iiu'ttnxl  of  \\'jinkl\ 
sifiis  of  ol)Sfr\at  inns  u|i<mi  iIh'  wanls  of  St.  Mary's  llr)s]»ital,  ii\  !>'.! 
iii'.nt,  irrivi-,  in  inilHirrainincs  pi-r  cnliii-  nn-trt?  of  air,  (i.:!.">l'.f-ii.t;O0  ■ 
Nil.  iiiiil  O.  i;  IO-u.i;Mir»  of  allmTninoi'l  Nil;,  tho  external  air  <-<.nt 
iK-\'-',  \  anil  (t.."j'.'sii  rrs[Kctivfly ;  at  another  tiTiu-  the  wards  eontaiiiii 
(i.OiHi  In  n.nl'.i"  fi<-'-,  anil  from  (l."J'<'^4  to  (l..">"-*.'ifl  aII>iiininoiil.  the  on 
t  unlainiriL'  <M*iii;>  ami  U..'r^Mn;.      Sinitli    fnninl  in  tlie  air  of   a    lied-rn 

'  Parkes'  Hygiene. 
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n  i».M.,  O.lDOl,  and  ftt  7  A.M.,  0.33-l(i  milligrms.  to  tlie  cubio  metre  =  Sa.OT-l 
anil  140.210  f/rainjt  to  a  million  cnbic  feet, 

Thu  animal  uxhalaliniis  in  thu  uir  of  crowdnil  roomi^  wlinn  coiiileiispd 
upon  cold  }^lasii,  totretlier  witli  the  nttnosplieric  VApor,  will  foriOj  if  al- 
lowed to  stand  fur  sonifi  time,  a  tliick,  aj>{)ureully  glutinous  mass;  but, 
when  this  is  examined  by  the  microscope,  it  is  scon  to  bo  a  closely-matted 
confervt>i<l  i;:r«jwlli,  or,  in  other  words,  the  organic  matter  is  converted 
into  conferva,  as  it  probably  would  have  bceii  converted  into  any  kind  of 
vej^tatton  that  happened  to  take  root.  Between  the  stalks  of  tlicsocon- 
fcrvit*  are  to  he  seen  a  number  uf  greenish  glubulos  constantly  muviii'r 
about,  various  species  of  volvox  accompanied  also'by  monads  many  times 
smaller.  Before  tliis  occurs,  the  odor  of  perspiration  nuiy  be  tUstinetly 
iwreeiveil,  especially  if  the  vessel  containing  the  liquid  be  placed  in  boil- 
ing water. 

"  Whfii  this  exltalation  from  animals  is  condensed  on  a  cold  body,  it 
in  course  of  time  dries  up,  and  leaves  a  somewhat  glutinous  organic 
phister;  wo  often  see  a  substance  of  this  nature  on  the  furniture  of  dirty 
houses,  and  in  this  case  there  is  always  a  disagreeable  smell  perceptible."' 

Tiiis  substance  is  organic;  it  is  capable  of  oxidation,  and  doubtless 
undergoes  oxidation  in  the  air,  forming  carbonic  acid,  water,  and  ammonia, 

in  great  coiitra>4t  with  these  animal  organic  deposits,  stand  those  of 
vegetable  origin.  They  were  collected  in  the  dew  from  a  flower  garden, 
which  was  foutid  to  present,  on  boiling  down,  ]io  disagreeable  odor.  The 
small  solid  residuum,  when  exposed  to  heat,  had  a  sntell  of  vegetablo  mat- 
ter with  very  little  trace  of  any  iiitrogenized  substance;  It  was  rather 
agreeable  than  otherwise.  The  dew  was  beautifully  clear  and  limpid;  the 
condensed  vapor  from  rooms,  on  the  other  hand,  was  thick,  oily,  and 
smelling  of  perspiration. 

The  esca|>e  of  odors  into  the  air  is  facilitated  by  moisture,  as  is  well 
known.  Moisture  seems  also  to  incrcAwi  the  virulence  of  such  animal 
effluvia  08  nuiy  bo  connected  with  the  production  nf  certain  hospital  dis- 
eases; for  instance,  in  military  ophthalmia,  erysipelas,  and  hospital  gan- 
grene. The  practice  of  frequently  washing  the  lloora  of  hospitals  Is  well 
known  to  increase  the  chance  of  erysipelas  (I'arkcs),  and  a  similar  practice 
on  ships  is  believed  to  favor  the  development  of  pulmonary  and  zymotic 
affet'tions.     (Th.  J.  Turner.) 

It  is  remarked  by  Smitli  that  air  soon  reaches  its  point  of  saturation 
with  the  organic  vapors  of  perspiration  and  breathing.'  His  inferi'iice  i« 
tliat  their  poisonous  action  does  not  probably  increase,  after  a  certain 
point,  in  proportion  to  the  amount  of  breath  discharged  into  a  given 
Tolumo  of  air;  the  excess  of  these  vapors  being  precipitated  in  a  litjuid 
form  on  the  walls,  windows,  etc.,  in  the  room.  It  must,  however,  not  be 
overlooked,  that  such  ])rccipitate8  are  liable  to  benome  the  source  of 
still  worse  mischief,  by  becoming  putrid  by  stagnation  iu  a  warm  atmoa- 


»  R.  A.  Smith :  Air  mul  Ttain. 

■  Pcttcukofer :  Amialeu  for  t'bemie  und  Pbarmacie,  18G3.     Sappl.  Bd, 
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pherc-  Anil  such  putrescence,  indicated  by  the  charftctortsttc  soar  amtl 
(fresli  pctrspimtion  not  being  necessarily  offensive),  is  developed  in  avw] 
few  miiuitea,  either  in  tlie  air  or  ujion  thu  siirfuce  of  the  body. 

In  such  caaea  we  ought  to  disoountenance  the  use  of  perfume*  01 
aromatio  fumigations,  and  to  lay  all  the  streaa  on  froquent  m'.ruhbing,oi 
free  admission  of  air  and  sunlij^ht.  The  fimt  of  these  measures  rcmova 
the  second  dilutes,  the  third  chemically  disinfects,  the  or^puiir  impuHUM 
Cleanliness  of  the  pt^trson  and  clothes  is  a  must  ioiportaut  factor  in  puritj 
of  atmosphere;  it  is  very  hard,  even  with  abundant  means  of  ventiktiM 
to  keep  the  air  of  a  school-room  in  a  wholesome  state  if  the  chiMrea  an 
dirty. 

Gaseous  impurity  arises  from  a  variety  of  decompositions  occurring  lo 
»oil,  in  nibbish,  in  animal  exhalations  and  excreta,  in  dead  orjfanic  mattel 
generally.  Wherever  men  are  massed  together,  such  impurity  is  Ukeli 
to  exist,  ft  by  no  means  follows,  however,  that  such  is  an  inevitai>le  ooft 
sequence  of  crowding-.  If  certain  limits  are  obsened,  very  larg<e  and  dvtm 
populations  may  retain  a  fair  degree  of  health,  provided  that  thv  laws  ol 
private  cleanliness  are  observed,  and  the  soil  and  air  protected  fgfl 
public  nuisances.  ^| 

Among  the  natural  agencies  by  which  air  is  punficd,  one  of  the  chW 
consists  of  the  dilution  consequent  on  the  process  of  diffusion.  An  opro 
vessel  full  of  carbonic  actd  gas  will  be  found  in  a  f»w  hours  to  taf* 
emptied  Itself  by  this  process.  Currents  of  air  and  winds  are  much  mow 
important  than  diffusion  in  confined  and  frequented  places.  Neither  dif- 
fusion nor  winds,  however,  effect  a  purification,  strictly  speaking;  thai  ii 
accomplished,  to  a  lat^  extent,  by  re-conibinations  occurring  in  thej 
by  which  noxious  gases  form  inn(x;ent  ones,  and  also  by  the  ager 
rain,  which  washes  out  almost  all  impurity,  and  deposits  it  in  the 
where  it  serves  as  foo<l  for  plants.  ^ 

We  are  so  nearly  ignorant  of  the  exact  nature  of  the  morbiBo  ui^H 
dients  in  bad  air,  that  we  are  obliged  to  be  content  with  analyses  wMH 
determine  a  few  of  the  principal  ingredients,  and  some  of  these  in  the 
roughest  way.  The  tenn  "albuminoid  ammonia,*^  for  instance,  stands 
for  a  great  deal  of  ignorance  of  the  minute  composition  of  the  or 
impurities  in  air.  In  general,  it  may  be  said  of  most  analyses  of  air  1 
they  chiefly  infonn  us  in  regard  to  the  degree  to  which  dilution 
Impurity  with  fmsh  air  has  bcon  effected.  This  is  practically  a  moat 
valuable  piece  of  knowledge,  for  whatever  may  be  the  matertoa  morbi, 
the  products  of  decay  become  harmless  if  sufficiently  <Ululcd  with  fresli 
air. 

liaiii. — This   grpat  purifier  of   the   air  may  be  made  useful  by  thr 
chemist  as  an  index  of  the  matters  suspended  in  air.     It  does  for  hir 
which  he  does  less  effectually  with  his  bottle  and  aspirator.      .As  iUii 
ing  the  history  of  the  impurities  of  air,  the  following  r«fHi'i4>  of 
sions  by  U.  A.  Smith  is  here  given: 

1st.  The  rain  frqm  the  M-ti  (Western  Islands)  ooataius  chiefly  oottiDOli 
salt,  which  crystalUxus  clearly. 


I 

I 


3d,  The  rain  contftins  sulphates  in  iarg«r  proportion  to  the  oltloria* 
than  is  found  tii  »i>a-^Tatcr.     This  is  true  from  central  Germany  to  the 
most  northern  Hebrides. 

'Sd.  Tho  sulphates  increase  inlaml  before  larg-c  towns  are  reacliod. 
Thoy  seem  to  be  a  measure  of  the  products  of  decomposition,  tho  sul- 
phuretted hydro;^n  from  orgunic  compounds  being- oxidized  in  the  atmos- 
phere [and  foniiinff,  first  SOj,  and  then  SOJ.  In  other  words,  just  as  I 
believe  chlorides,  with  proper  deduetionn,  to  be  a  measure  of  the  sewage, 
however  old.  In  water^  so  1  believe  sulphates  to  be  a  measure  of  the  sew- 
age in  air,  unless  when  coal  interferes  too  much  to  permit  allowance  to  be 
made. 

4th.  The  sulphates  rise  very  high  in  largo  towns,  because  of  the 
amount  of  sulphur  in  the  coal  used  as  xvcW  as  of  decomposition,  [This 
statement  is  applicable  rather  to  "soft,"  or  bituminous  ooal,  than  to  that 
commonly  used  in  America,  anthracite.  The  atmosphere  of  our  cities, 
with  few  exceptions,  is  very  little  contaminated  with  S(),.J 

5th.  As  sulphuretted  hydrogen  and  sulphide  of  ammonium  oxidize  in 
the  atmosphere,  the  sulphates  may  bo  expected  to  increase  in  proportion 
to  the  amount  of  decomposing  organic  matter  containing  sulphur,  such  as 
alhunn"iioid  compounds,  called  conveniently  by  a  name  now  less  used — 
protein. 

Gtb.  When  the  sulphuric  acid  increases  more  rapidly  than  the  ammo- 
nia,  the  rain  becomes  acid. 

7th.  When  the  air  has  so  much  acid  that  two  or  three  grains  are  fotind 
in  a  gallon  of  the  rain-water,  or  forty  parts  in  a  million,  there  is  no  hope 
for  vegetation  in  a  oliuiato  such  as  we  have  in  the  northern  parts  of  this 
countrj*  (England). 

8th,  The  acid  is  calculated  as  dry  sulphuric,  but,  to  some  extent,  the 
agent  may  be  hydrochloric  rendered  free  by  the  sulphuric  acid  decompos- 
ing the  common  salt. 

9th.  Suljiliate  of  soda  increa.*tes  in  the  rain  as  coals  are  burnt ;  and  if 
the  salts  are  heated,  chloride  of  auununium  comes  off,  and  sulpliato  of 
soda  remains. 

10th.  Chlorides  increase  with  the  burning  of  coal  to  a  jx^rceptiblo  ex- 
tent, although  not  so  much  as  in  places  where  suit  is  decomposed,  whether 
in  alkali  or  other  works. 

11th.  Free  acids  are  not  found  with  certainty  where  combustion  or 
manufactures  are  not  the  cause, 

r^th.  The  chlorides  and  sulphates  may  be  found  neutralized  even  where 
there  are  manufactures, 

13th,  By  attending  to  these  facts,  it  may  bo  found  if  tho  plants  in  any 
place  are  hurt  by  acid,  and  by  which  acid.  Other  acids  may  pi-ohably  bo 
found  as  readily  as  the  two  mentioned. 

14th,  By  attending  to  tlie  amount  only  of  the  sulphates  nnd  cldorides, 
gri'at  injustice  may  be  done.  TJie  acidity  and  the  average  of  the  district 
must  be  known. 

15th.  Ainmoniacal  salts  increase  in  t)ie  rain  as  towns  increase.     They 
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como  partly  from  coal  and  partly  from  albumuioid  substutcca  or  pr 
decomposed. 

ICth.  The  albuminoid  substances  may  be  found  in  tho  rain  oven  by  tlip 
rudo  experiment  of  burning  the  residue,  wliicli  renders  unmistakable  ibrtr 
peculiar  odor;  but  tlioy  iimy  also  be  reoogtilzcd  and  estimated  by  ^^ 
method  used  by  Waiiklyn  fur  potable  water.  ^M 

17th.  Exi^eritnctils  in  the  direction  here  indicated  may  cna)>lo  tu^o 
study  and  t-xpress  in  distinct  language  the  character  of  a  clitnate,  and 
certainly  of  the  influenco  of  cities  on  the  atmosphere. 

Oonibuatiun  oj' cottL—The  products  of  the  enmbustion  of  coal 
carbon,  in  the  form  of  soot;  carbonic  acid,  and  carbonic  oxide,  cisewl 
mentionod;  sulfilmr,  unually  oxidizod,  and  rapidly  changing  from  SO, to 
SOj ;  carljon  bisulphide  ;  ammonium  sulphide  or  carbonate ;  son 
sulphuretted  hydrogen  ;  water.  , 

Some  of  these  vapors  are  most  destructive  to  vegetation, 
neighborhood  of  manufacturing  towns  in  the  nortli  of  Knghmd,  on 
much  exposed  to  the  vapors,  it  is  snid  that  liamlfuls  of  dead  grass  can  be 
pulled  up  in  the  spring  smelling  strongly  of  the  vapor  (Kothwell). 
remarkable  result  is  observed  in  wheat  exposed  to  acid  gases.  Tho  • 
may  lie  to  nitpoaranco  full  and  ripo  when  scarcely  a  trace  of  gniin  is  tol 
found.  This  dies  at  an  early  stage  and  withers  up,  while  the  rest  of  tii« 
plant  takes  its  apparently  usual  course.  Mosses  may  be  seen  to  grow  m 
the  acid-rain  of  towns  when  trees,  shrubs,  and  grasses  disappear.  **  iiott^- 
times  in  the  direction  of  tho  prevailing  wind  wo  have  observed  the  j'okt- 
elm  and  the  uych-elm  damaged  at  a  distance  of  about  *J,000  metres  fi| 
a  focus  of  acid  gna."     (Hclgtan  Conniiission,  i854-'5o.) 

Another  nuisance,  perhaps  still  worse,  is  the  effect  upon  bailfi 
Tlie  stones,  bricks,  and   mortar,  cnunble;  iron  oxiilizes,  and   nknnot 
used  for  roofing;  bronze  is  rapidly  blackened,  and  articles  of  brass 
affected  to  a  great  depth,  losing  their  strength. 

iSett^er-f/fts — or,  more  pro[>erly,  eewer-air — "is  a  eonlinually  var 
mixture  of  the  gases  which  make  up  tlit;  atmosphere,  and  a  rfUtiv 
small  proportion  of  certain  other  gases  which  are  formed  by  tho  dccompo' 
sition  of  the  sewage,  together  with  aqueous  vapor  and  va|3or  of  or; 
compounds;  this  mixture  of  gases  and  vapors  carries  with  it  a  greater 
less  amount  of  minute  solid  particles  held  in  suspension.  As  in  the  i 
of  all  gaseous  mixtures,  each  of  the  various  gases  diffuses  into  tho 
rounding  atmosphere  indrpendently  of  the  others,  and  when  cx^msed 
water  each  dissolves  according  to  its  own  degree  of  solubility,  Thoi 
gnnic  vapors  and  solid  particles  diffuse  inucli  lo&s  readily,  and  deposit 
upon  various  solid  objects."     (Xichols.) 

In  sewers  the  pnxluets  of  decomposition  r&ry  with  the  nalarv  of  the 
material  conveyed.     The  principal  goaes  are  cjirbonie  arid  ;  morah  gaa, 
and  other  compounds  of  carbon  and  hydrogen  ;  ammonia;  carbonate  u^ 
sulphide  of  ammonium;  8ulphnri_>tteil  hydrogen;  nitrogen;  carlK>niu  oxi^^| 
and  organic  vapors,  compountU  of  carbon  and  anniionia.    The  pmfmrtionfl 
also  vary  very  greatly,  being  influenced  by  the  quantity  of  waiter,  the 


[Kraturc,  tho  rate  of  flow^  the  amount  of  ventilation,  the  presence  of  ac- 
rumulatftd  solitls,  etc.  Marsh  g^as,  sulphurettod  hydroj^ii,  sulphide  of 
unifiioiiiuni,  are  especially  fouinl  when  access  of  fresh  air  is  iiupeJod,  as  ia 
close  aewers,  cesspools,  an<l  privies. 

Some  of  these  gasos  are  known  as  actively  poisonous;  they  have  re- 
peatedly produced  rapid  death,  or  dangerous  illness,  in  persona  engaged 
in  cleaning'  ont  tho  plni;es  where  iht-y  were  gemTuted.  In  a  well-arrangud 
system  of  sewers  this  should  not  occur;  in  their  normally  perfect  condi- 
tion these  j>Iaees  are  not  excessively  oitenaive,  nor  immediately  dangerous 
to  persons  entering  them.  Ilapid  discharge  of  their  contents  l>efore 
putrefaction  occurs,  frequent  flooding*,  and  free  ventilation,  n-duce  tho 
sensible  foulness  of  sowers  to  a  trifling  point,  and  donbllese  diminish 
the  danger  of  "filth-disease."  lUit  no  amount  of  cleanliness  in  sewers 
can  make  it  siife  to  let  their  gases  leak  into  dwelling-houses.  Wo  possess 
at  present  no  chemical  tests  which  \vin  assure  us  that  a  given  specimen 
of  air  is  free  from  dangerous  ingredients.  The  "malories  morbi,"  what- 
ever it  may  bo,  of  diarrhoea,  dysentery,  typhoid,  etc.,  is  infcrcntially 
traced  to  sewer*air;  and  it  would  not  bo  safe  to  suppose  that  such  matc- 
ries  is  absent,  even  in  comparatively  jiuri;  air  of  such  origin.  Ho  Httic 
can  bo  considered  aa  known,  that  oven  sulphuretted  liydrf>gen,  a  most 
characteristic  product,  is  often  present  i:i  so  unriute  a  quantity  as  to  bo 
indislinguishablo  by  analysis. 

"Wo  are  not  obliged  to  suppose  that  the  ordinary  compounds  of  sid- 
phur,  nitrogen,  etc,  constitute  the  specific  cause  of  zymotic  disease  ;  for 
such  a  cause  we  may  rather  look  to  the  organic  vapors,  and  putrid  or- 
ganic solids  giving  rise  to  vapors,  and  perhaps  to  low  septic  forms  of 
organic  life. 

"We  know,"  says  R.  A.  Smith,  "that  the  minute  diminution  of  oxy- 
^n  is  not  the  sole  cause,  although  it  may  not  be  entirely  harndess.  ^^'c 
know,  also,  that  this  impure  air  contains  more  carbonic  acid  than  pure 
air,  but  it  has  been  made  clear  that  tliis  carbonic  acid  is  not  the  cause  of 
infection.  We  may  give  up  the  ammonia-salts  nnti  nitrates,  because  wo 
know  their  action  to  bo  such  as  not  to  produce  infectious  diseases,  fevers, 
or  putrefaction,  or  even  special  diseases,  although  they  may  in  some  re- 
spect }xi  injurious  after  a  long  time.  None  of  tho  gases  or  vapors  known 
to  us  can  be  imagined  to  be  guilty  from  any  property  of  theirs  hitherto 
found.  It  is  true  that  they  may  lie  low,  or  be  washed  down,  or  brought 
down,  by  rain  or  vapor,  so  as  to  bo  found  in  the  evening  fogs.  Some  of 
these  may  bo  injurious  to  health,  but  none  of  them  have  the  character  of 
albumen  capable  of  putrefaction,  and  they  can  be  included  neither  in  the 
Liebig  nor  in  the  Pasteur  theory,  while  their  characters  known  to  us  do 
not  throw  light  on  the  beginnings  or  progress  of  marsh-fevers  or  epidemics. 
We  may  speak  with  some  certainty  as  to  the  latter,  but  on  tliu  formci^— 
namely,  the  marsh-fevers — there'  is  more  ignorance  to  be  acknowledged. 
.  .  ,  That  some  evil  will  result  is,  however,  likely  enough,  from  the  groat 
mixture  of  substances  in  tho  evening  dew  of  a  rich  clime,  leaving  results 
indefwndeutly  of  the  albuminous  decompositions  and  organisms^  but  tho 
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exact  knowledge  is  not  with  us.  Gases^  vai>ors,  albuminoid  siibstanca^ 
plants  and  animals,  must  all  produce  their  peculiar  effect  on  the  atinoa- 
pherc." 

J7/umutafinff  ga*  is  now  so  much  used  that  its  manufacture  and  com- 
(  bustion   must  be   ranked   as  important  sources  of  contamination  of  ^^ 

7  air.  .         .  fl 

In  the  manufacture  it  has  to  bo  purified  from  carbonic  arid  (vrht« 
lowers  its  illuminating'  powor)^  and  from  gaseous  compounds  of  sulphur, 
which  give  rise,  in  burning,  to  the  corrosive  sulphurous  and  sulphttrie 
acids.  The  removal  of  these  from  the  gas  is  effected  either  hy  passing  it 
through  milk  of  lime,  or  through  moistened  slaked  lime  placed  in  trajrs. 
These  processes  are  respectively  called  the  moist  and  tlie  dry;  they  ar« 
very  effective,  but  give  rise  to  noxious  and  offensive  odors  upon  remM^ 
of  the  lime.  Another  process  consists  in  ]>a8sing  the  gaa  through  4^| 
mixture  containing  sesquiliydrate  of  iron.  It  is  not,  perhaps,  so  effevtm 
as  the  lime  process,  but,  as  it  acts  by  fixing  the  8ulj)hur,  there  is  litlls 
uuisanco  produced;  besides  it  is  very  economical.  ^| 

Gas  thus  made  consists  (E.  S.  Wood)  chiefly  of  hydrc^^cn  (40-50  pP 
cent.),  marsh  gas  (iJ5— 15  per  cent.),  carbonic  oxide  (-H— 7^  per  cent.), 
olofiant  gas  and  other  hytlrorarbons  (-1-8  per  cent.),  and  usually  v«y 
small  amounts  of  carbonic  acid  and  air.  Cannelgas  has  about  the  vam 
composition,  the  proportion  of  Iho  hydrogen,  marsh  gas,  and  olofiant  gai 
being  a  little  different.  The  last-named  gas  is  the  chief  illuminating 
ingredient. 

Parkes  gives  an  analysis  nearly  approaching  this,  as  follows  : 

"  Coal  gas,  when  fairly  purified,  is  composed  of — 

Hydrogen 40       -45. 5S 

Marsh  gas  (light  carb.  hydrogen) 35       —40 

Carbonic  oxide 3       -C.$ 

Olefiant  gas  (ethylene) 3       —  4 

Acetylene 2      -3 

Sulphuretted  hydrogen 0.29-  1.0 

Nitrogen .' 2      -  2.5 

Carbonic  acid , .     3       —  3 .  75 

Sulphurous  acid 1      0.5  -  1.0 

Ammonia,  or  ammonium  sulphide. . .  >■  (or,  in  the  bestcannel 
Carbon  bisulphide )  coal-gas,  only  traces). 


"  In  some  analyses  the  carbonic  oxide  has  been  found  as  hign 
per  cent.j  and  the  light  carburettcd  hydrogen  5G  ;  in  sueb  cases  the 
amount  of  hydrogen  is  small.  As  much  as  GO  groins  of  sulphur  have  brm 
found  in  100  cubic  feet  of  gas.  The  Parliamentary  maximum  is  5H)| 
in  1(X)  cubic  feet,  but  absolute  freedom  from  sulphuretted  hydrogon  ifl 
quirrtd.  In  badly  purified  gas  there  may  be  a  great  number  of  other  i 
stances  in  small  amount." 
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RoRCoo  gives  tho  analysis  of  gas  from  cannel  and  from  common  coal, 
aa  follows  : 


I 


ninmlnatliie 
powvr  cDRipHTod 
to  Hgtsm   cnnilln 
iHtralfif  IM  ffi«. 
(wr  hour,  t1i«  ipM 
tatrninc  6  cnblo 
(act, 

Oonpottltlnn  la  IM  VolumoK 

■ 

Mnnli 

IBM. 

Cartmnlo 
okM«, 
CO. 

mrbon*. 

anil 

carbon  lo 

•clij. 

Conmoa  coal-gaa. . 

84.4 
13.0 

25.83 
47.00 

61.20 
41.53 

7.85 
7.89 

18.06 
8.05 

8.W 

The  existence  of  sulphur  compounds  in  burning;-gas  is  to  bo  regretted 
as  a  nearly  unavoidable  evil;  the  only  rempily  seems  to  be  the  discharg-o 
of  the  products  of  combustion  through  chiinripys  or  flues,  for  which  a 
variety  of  devices  osiHl.  (See  article  on  Hospitals  in  this  work.)  "Tho 
sulphurous  and  sulphuric  acitU  which  are  producucl  in  burning  mny  injure 
delicate  structures,  such  as  books,  gilding,  silks,  elc,  that  iiiuy  bo  exposed 
to  tho  air  of  a  room  in  which  gas  is  burned.  Where  largn  ({uaiititios  of 
impure  gas  arc  burncil,  it  causes  a  rapid  destruction  of  textile  fabrics, 
with  a  very  acid  condition  of  them.  This  w:is  oapccially  noticed  iu  tlio 
large  public  libraries  of  l-ondon  many  years  ago  ;  tlio  covers  of  many  of 
the  books  in  the  Athcnncum  club-house,  the  College  of  Surgeons,  nnd 
elsewhere,  b^'coming  destroyed  by  the  sulphuric  acid  from  the  burning 
gas.  Tho  amount  of  this  acid  was  so  great  tlmt  it  could  «asily  be  tasted 
by  applying  the  exposed  portions  of  the  books  to  tlic  tongue"  (Wood). 

Analyses  of  decayed  bindings  of  books  from  public  libraries  in  Boston, 
made  recently  by  Prof.  Gibbs,  have  not  demonstrated  the  presence  of  sul- 
jihur  coinpounrls.  It  remains  to  test  the  (Question  by  very  protracteil  ex- 
posure of  books  to  sulphur  fumes  under  conditions  resembling  those  of 
libraries. 

The  acid  products  of  burning-gas  arc  deleterious  to  house-plants,  pro- 
ducing instant  injury  in  healthy  individuals. 

Nearly  all  of  the  sulphur  is  convertetl  into  suiphtiric  acid,  which  is  a 
vapor  readily  condensed  on  the  walls  and  othtr  objects  contained  in  a 
room.  Gas  not  infrequently  contains  30  grains  of  sulphur  per  100  cubic 
feet,  which  in  burning  gives  rise  to  00  grains  nf  sulphuric  acid  ;  and  this 
is  the  amount  which  would  be  produced  by  five  fqu>foot  burners,  during 
five  hours. 

Other  noxious  efTects  of  gas,  burnt  without  ventilation,  may  be  traced 
to  the  presence  of  great  quantities  of  carbonio  acid, — one  burner  produ- 
cing several  times  as  much  as  a  man  in  a  given  time, — of  watery  vapor  from 
the  hydrogen  and  compounds  of  hydrogen,  and  to  tho  great  heat  pro- 
duced by  tho  cheap  light. 

When  gas  is  partly  burnt  (Parkes)  a  considerable  quantity  of  car- 
bonic oxide  is  also  produced,  which  usually  escapes  into  the  air  of  the 
room,  and  conalituteti  a  more  serious  impurity  than  the  other*. 


THE   ATMOSPUEBE. 


That  which  is  known  as  **  waLer-giu  "  i»  produced  by  pftssin^ 
over  incandescent  carbon,  which  has  a  very  powerful  atTraetion  for 
gen,  abstracts  it  from  the  steam  and  ntiitt's  with  it,  to  form  at 
mixture  of  hydrojfen  uik!  carbonic  acid;  ihc  latter  afterward  l«»«r*  oor- 
hulf  its  oxyget\  and  becomes  carbonic  oxide.  These  gaswa  bam  witlug 
light,  and  require  tbo  addition  of  about  ten  per  cont.  of  pctrol^un^H 
tiaphtha-ga5.  This  mixture  contains  from  thirty  to  forty  per  ccnL  of  «tN 
bonic  oxide,  and  would  be  excessively  dangeroud  to  life  if  it  w«ro  inodor- 
ous, as  in  some  instances  it  la. 


Hrriml^l 
conti^H 
TTie^ 


I^ecta  of  Bad  Air. 

It  remains  a  desideratum  to  ascertain,  by  the  methocls  of  oxpcrin 
l>hysiology,  the  effect  of  l>a<l  air^wr  «,  as  compared  with  that  of  < 
taut  bad  circumstances  (diet,  Tdth,  etc),  in  producing  itiseaMe.  TTie  ' 
we  have  are  statistical.  In  the  absence  of  "exact"  proof,  ouf  mo«l  <Mi- 
t-atc  test  uf  the  unhcalthincas  of  a  condition  is  furnislied — first,  bjr^| 
health  returns  of  large  masses  of  persons  living  under  those  condit^H 
and  second,  by  returns  from  specially  sensitive  or  specially  nxposed  clas«« 
The  reader  will  at  once  recall  many  classes  specially  nryx>w«/  to  th">  ig 
cnees  of  crowding  and  close  air.  Specially  aeu*itive  classes  exist  i 
case  of  the  wonndod  of  an  army,  and  of  patients  after  omputAtifl 
child-bed,  and  also  in  the  infant  ixjpulatiun. 

One  of  the  most  obvious  effects  of  an  insufficient  snpply  of  air  u  ihc 
discomfort  occasioned  in  those  who  are  not  habituated  to  the  dcprivatiou. 
This  discomfort  is  an  evidence  of  positive  injur}*,  and  may  tncmuf  liD 
headache,  jiroslration  of  strength,  gastric  disorder,  and  faintini;  occnr. 
Closeness  of  air,  not  producing  such  marked  symptoms,  may  cause  dys- 
pepsia and  impairment  of  the  general  nutrition — s)-mptoma  which  ar«  D0« 
rccog^iized  as  related  to  the  development  of  phthisis. 

In  the  British  army,  previous  to  1S3G,  it  was  stated '  that  the  morlalHr 
from  consumption  was  very  considerable.  In  the  Household  Cavalr-  it 
-was  81;  in  the  Dragoons  and  Dragoon  Guards,  77;  in  the  West  Iud|| 
depots,  OG;  but  in  the  Foot  Guards  it  was  141  in  10,000;  the  deaths  ^| 
aB  attt-dcs  among  the  Metropolitan  Police  being  only  i'O.  At  the  mS 
time,  "  in  the  metropolitan  barracks,  a  room,  32  feet  lotig  and  it»  hnmi, 
was  all  the  convenienco  then  alTorded  for  the  eating,  sleeping,  and 
eral  living  of  twenty  men  and  non-t*ommisjsioned  officers,  some  two  or  I 
of  the  men  being  in  all  probability  marricil.'*  Such  a  room  would  profc 
nnt  afTord  to  eoch  inmate  more  than  from  250  to  300  cubic  feet  nf  air,  nt 
from  a  fourth  lo  a  third  of  the  prison  allowoncc.  Some  barrackk 
very  much  worse  than  this. 

A  similar  excess  of  phthisis  occurs  in  the  armies  of  mo^t  of  thr 
pean  states,  ond  cannot  be  accounted  for  except  by  referring  it  lo  the 
bad  air  in  barracks.  In  the  Rngli»ih  navy  similar  facts  are  pointed  out, 
forming  an  illustration  of  tho  way  in  which  excellent  climatic  condit 
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wiUi  nearly  pcrfrct  arniitgcmerits  in  respect  to  daily  life,  may  be  vitiated 
by  the  one  factor  of  bud  air. 

Two  prisons  '  in  Vienna  are  thus  compared: 

In  that  of  I^opoldatadt,  whirh  was  very  badly  ventilated,  there  died, 
in  the  years  1834-'47,  378  prisoners  out  of  4,280,  or  86  per  1,000;  and  of 
iheno  no  leitR  than  !j:20,  or  51.4  per  1,CK)0,  died  from  phthiais;  there  were 
no  leBK  than  4*  cases  of  acute  miliary  tuborculosia. 

In  the  well-ventilated  House  of  Correction  there  were,  m  five  years 
(1860-'54),  3,037  prinoners,  of  whom  4:3  died,  or  14  per  1,000;  and  of 
theM  24,  or  7.9  jxrr  1,0CK>,  died  of  phthisis.  The  comparative  length  of 
sentences  is  not  given;  l>iit  no  ttorrection  on  this  ground,  if  need«'d,  rould 
account  for  this  discrepancy. 

Prison  life,  oven  under  good  conditions  as  to  ventilation,  often  impairs 
the  health. 

Bad  air  jri  mines  produces  its  effects  upon  the  respiratory  organs; 
though  here  the  cause  is  complicated  by  the  existence  of  dust  and  pecu- 
liar jrasos.  It  was  staterl  by  Simon  (in  the  Fourth  lieport  of  the  Medical 
Officer  of  the  Privy  Council)  that  English  miners,  as  a  class,  were  broken 
down  by  bronchitis  and  piioumo[iia,o»prcially  after  the  age  of  ihirty-rive; 
but  that  in  the  mino«  of  Durliam  and  Northumberland,  whoro  ventilation 
was  good,  this  did  not  occur. 

Hospital  gangrene,  it  is  believed,  can  he  entirely  avoided  by  treatment 
in  the  open  air  or  under  tents.  Pyicmia  and  cryai|>claa  arc  diseases  of 
similar  origin,  and  haunt  old  hospitals.  (Soo  remarks  under  "  Ventila- 
tion "  and '*  Htxspital  Construction.*')  The  widest  contrasts  possible,  as 
regards  results,  are  furnished  by  the  records  of  the  old  ajid  by  those  of 
the  new  method  of  treating  army  patients  and  civil  surgical  cai«>s.  In  the 
Crimean  war,  for  instance,  the  hospital  at  Scutari  at  one  time  contained 
2,500  »ick  and  wounded,  of  whom  two  in  five  died  ;  the  annual  mortality 
from  disease  in  the  British  and  French  armies,  in  the  same  war,  was  23.2 
and  30  per  cent,  of  the  total  strength;  while  in  the  American  war  the 
i-orresponding  mortality  was  less  than  G  per  cent. 

Strumeyer  observed  the  remarkabto  effect  of  ventilation  in  arrctiling 
military  granular  conjunctivitis. 

Camp-fever  may  be  almost  banished  by  cleanliness  and  fresh  air. 
Among  the  earlier  experiments  in  this  direction,  one  of  the  most  interest- 
ing is  that  made  by  Dr.  Brocklcsby. 

In  1758,  when  the  wounded  were  sent  from  France  to  the  Isle  of 
Wight,  Dr.  Brocklcsby  built  an  open  one-story  shed  for  a  hospital,  large 
enough  for  one  hundred  and  twenty  patients.  Ho  found  that  "remark- 
ably fewer  died,  though  treated  with  the  aaoie  medicine  and  the  same 
general  regimen,  than  died  anywhere  else."  In  1700  he  constructed  an- 
other shed-hospital  in  the  same  place,  for  forty  patients,  during  a  fever 
epidemic.  The  mortality  was  very  slight,  and  he  says  of  it:  "  I  raniHdly 
ascribe  their  fortunate  escape  more  to  the  benefit  of  a  pure,  keen  air  they 
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breathed  therein  every  moment  than  to  all  the  medicines  they  took  ever 
six  hours  or  oftener." 

The  following-  table  illustrates  to  the  eye  the  effects  of  various  degrw 
of  overcrowding  in  certain  notorious  instances.     It  is  given  by  Guy,  I.e.; 
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.^ects  of  Overcrowding. 


Black  Hole,  Calcutta. 


(Of    UG    pcnmUB,    2S    lei 
-       alive    after     10    boon 
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Fatal  fever  in  mtrriTon 


«,    ,,  ,     TT  n    >.    ri30  fever  patteats  eent  t 

Mwlborou^h    Hou»e     Pwi-  '      London  Fever  H<»piti 

Union  WorkhoQBe.  ^     total  in  ho-pital. 


Church  Lane,  St  aUes's. 


Tillage  in  DorMtshlre. 


i  Great  mortality  amoq 
•|  children  and  adnlti 
/      Fever.     Cholera. 


Fatal  fever. 


Parish  Houae  near  Laanowi-  i  ctolera. 
ton.  ) 


Drouet's    Estahlishnient    for)  i-a  j„  *v.    r„        u   i 
Panper  Children,  at  Toot-  [  *  '?.^^  ^^"^  ^'"*^""  " 
ing.  January.  1840.  \      '*^  ""^^"^ 


Cambridge  Town  Bridewdl,  )  j^.j  ^^^^^ 
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Printing  Office. 


Conxumption. 
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Christchurch        Workhouse,  1 
j      Children's      Sick      Wnrd.  [■  Qangrcnc 


of  the  montlL 


1848.  • 


Prison  allowance,  1,000  cubic  feet. 


*  In  one  ward  133  cubic  feet     28S  cubic  feet  is  the  average  of  a  number  of  waida 


The  deprival  of  fresh  air  produces  phthisis,  in  like  manner,  in  some  of 
the  lower  animals.  l>r.  Neill  Arnott  relates  the  Coilon-ing  story  about  the 
monkeys  in  the  Zoological  Gurdc-ns  o(  London  :  "  A  new  house  was 
built  to  nweive  the  morjkey«,  and  no  expense  was  spared  which,  in  the 
opinion  of  those  intrusted  with  its  inanajj^ciivont,  could  Insure  to  those  na- 
tives of  a  warm  climate  all  attainable  comfort  antl  security.  Unhappily, 
however,  it  waa  believed  that  the  object  would  bo  beat  socurod  by  making 
the  new  room  nearly  like  what  an  Eng'Iish  jyentlprnan's  drawing-room  is. 
For  warming  it,  two  ortiinary  drawing-room  grates  were  put  in,  as  close 
to  the  floor  as  possible,  and  with  low  chimnt-y  openings,  that  the  heated 
air  in  the  room  should  not  escape  by  the  chimney,  while  the  windows  and 
other  openings  in  the  walls  above  wore  made  as  close  ns  possible.  Some 
additional  warm  air  was  admitted  through  openings  in  the  floor  from 
around  hot -water  pipes  placed  beneath  it.  For  ventilation  in  cold 
weather,  openings  were  made  in  the  skirting  of  the  room  close  to  the 
floor,  with  the  erroneous  idea  that  the  carbonic  acid  produced  in  the  respi- 
ration of  the  animals,  being  heavier  tlian  the  other  air  in  the  room,  wouM 
separate  from  tliis  and  escape  above.  When  all  this  was  done,  about 
sixty  healthy  monkeys,  many  of  which  hid  already  home  several  winters 
in  England,  were  put  into  the  room.  A  month  afterward  more  than  fifty 
of  thetn  were  dead,  and  the  few  remaining  ones  were  dying.  ...  It 
was  only  necessary  to  open,  in  the  winter,  part  of  the  ventilating  appara- 
tus near  the  ceiling,  which  had  been  prepared  for  the  summer,  and  the 
room  became  at  once  salubrious."  The  cause  of  this  mortality  was  con- 
sumption. 

The  horses  in  the  French  army  formerly  suffered  an  enormous  mor- 
tality. Before  183G,  the  loss  was  from  180  to  197  per  l,O0Oanuually.  En- 
largement of  the  stabler  and  an  increased  allowance  of  air  reduced  this 
loss  during  the  next  ten  years  to  68  in  1,000.  • 

Similar  facts  are  stated  in  regard  to  the  English  cavalry  horsea.  The 
losses  are  at  present  reduced,  by  improved  stabling,  to  20  in  1,000.  In 
the  Prussian  cavalry,  it  is  15  per  1,000.  In  the  North  German  army,  the 
allowance  of  cubic  9]>ace  per  horse  is  from  31  to  39  ctm.,  say  1,100-1,400 
cubic  feet,  nearly. 

About  thirty  years  ago,  a  severe  epidemio  of  influenza  appeared  in 
Boston.  At  the  instigation  of  Prof.  H.  I.  Bowditcb,*  everj'  stable  ia  the 
city  was  investigated,  and.  classified  as  "excellent,"  "imperfect,"  or 
"  wholly  unfit,"  in  respect  to  wannth,  dryness,  light,  ventilation,  and 
cleanliness.  It  was  found  that  in  t!ie  first-cIass  fewer  horses  were  attackt'd, 
and  the  disease  was  niililer,  while  in  tlio  third-class  every  horso  was  at- 
tacked, and  more  severe  and  fatal  cases  occurred.  In  respect  to  the  num- 
bcr  attacked  aiul  the  general  characteristics  of  the  disease,  the  three 
classes  stooil  to  one  another  as  1  :  ^  :  5. 

In  the  four  years  entling  in  17S4,  of  7,550  infants  born  at  the  ill-ven- 
tilated Dublin  Lying-in  Hospital,  2,044  died  of  epidemic  disease;  while, 
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after  a  thorough  systrm  of  ventilation  had  been  adopted^  onlj  279  di 
in  the  same  number  of  yeare. 

At  the  same  time,  scrofula  (or  more  corrooti^',  tuberculosia)  wae 
common  in  public  Institutions  as  to  be  commonly  considered  a  ooatagic 
disease.      Its  cause  wan  plainly  overcrowding. 

The  sensitivcnes-s  of  the  digestive  organs  to  foul  air  in  the  hot  i 
is  well  known.  It  is  not  the  heat  of  itself  that  produces  diarrhn 
heat  does  not  act  as  a  dcbilitant,  and  thus  predispose,  the  bowela 
deranged.  Fure,  very  dry  und  hot  air,  in  countries  Itko  Arizona  m 
Arabia,  is  eompatiblo  with  perfect  health;  but  a  certain  comparativi 
moderate  heat  in  close  cities,  where  atmospheric  moisture  and  gvn« 
fUth  are  present,  with  im]>erfect  circulation  of  air  among  the  houses, 
sure  to  be  productive  of  infantile  bowel  complaints,  and  is  very  likely 
engender  them  in  adults,  though  with  less  quickness,  lu  proportion  u>t 
superior  power  of  resistance. 


HXAT  AKO   MotSTCRB. 

The  atmosphere  has  a  very  imporlaal  influence  upon  the  health  a 
character  of  man  in  other  ways  than  by  supplying  him  with  suitftbU 
unsuitable  chemical  elements.      The    physical   condition  of    tbe    air, 
respect  to  temiwrature,  moisture,  pressure,  motion,  and  preoipilatioo  i 
factors  of  the  highest    importance.      Taken  collectively,  they  may 
grouped  under  the  titio  of  climatic  induences. 

lu  explaining  this  part  of  the  subject,  caro  will  bo  taken  to  nuke  « 
Rtatnmcnts  as  seem  required  for  a  thorough  comprehension  of  the  eleaei 
of  climate;  and  afterwards  an  enumeration  of  the  classes,  the  charact«( 
tics,  and  the  sanatory  ofTccts  of  special  "  cliniatoa  "  wiU  be  attempt! 
with  some  directions  rtg-arding  meteorological  obserx'attons.  ^m 

t'^oitrrea  of  fieaf. — The  chief  part  of  the  heal  employed  in  q^| 
proccssi's  upon  the  earth's  surface  is  derived  from  the  sun.  With  tl 
must  be  included  heat  obtained  from  combustibles — mineral  coal,  «0( 
oils,  etc. — all  of  which  represent  stored-up  force,  originally  derived  in 
ihc  action  of  the  sun's  rays  in  promoting  vegetitblo  life.  The  cbemu 
actions  which  produce  animal  heat  derive  their  funt'us  ultimately  from  t 
same  source.  ^M 

The  earth  itself,  as  is  well  known,  possesses  an  internal  store  of  nl 
which  at  present  is  undergi>ing  an  extremely  slow  diininutinu  by  oondt 
tion  through  the  upper  strata.  In  descending  the  shiifls  of  nii[ic«,  t 
temperature  i»  found  to  nso  constantly,  at  the  rato  of  alxmt  I"  !•'.  to  j 
53  feet  of  descent.  In  six  of  the  deepest  miiica  of  Northumberla 
Durham  the  rate  is  1*  K.  for  41  fct»t;  in  the  Saxon  argentiforoufl 
mines  it  was  found  lu  be  1'  in  CO  feet,  and  the  same  in  boring  the  well 
Grcnello  at  Paris.  A  boring  at  Louisville,  2,08G  feet  in  depth,  Ril^| 
increase  of  1°  in  70  feet*  one  at  Columbus,  Ohio,  of  2,675  foet,  (pvo^P 
71  fooU 

The  crust  of  the  earth  Is,  however,  a  very  poor  conductor  of  h«i 
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Owing  to  this  fact,  the  internal  temperature  influences  the  surface  to  the 
«xtent  only  of  3!^*  or  ^i„'  C.  (Th.  T-anger),  say  tV''~b'»'*  ^• 

The  atmospheric  fluctuation,  taken  by  the  day,  the  month,  or  the  y*wr, 
produces  a  like  fluctuation  in  the  temperature  of  the  upjier  strata;  thla 
extends  to  depths  bearing  dcKnite  relations  to  the  tength  of  the  period 
observed;  and  there  is  at  last  a  point  reached  where  the  temperature  h 
invariable  Ity  night  und  day,  by  winter  and  summer.  This  point  lies  from 
$0  to  100  feet  below  the  surface  in  temperate  latitudes. 

The  measurement  of  temperature  by  the  thermometer  requires  certain 
precautions,  which  are  described  hereafter. 

Transmission  0/ ffeat. 

Leaving  out  of  consideration  all  theoretic  views  as  to  the  absolute 
nature  of  heat^  it  is  evident  that  its  transmisjiion  from  one  body  to  an- 
other is  effected  in  tliree  distinct  ways;  and  these  three  are  denominated 
Conduction^  Convection,  Hmliatton. 

Conduction  occurs  in  so!i<ls;  in  fluids  it  occurs  to  so  very  slight  an  ex- 
tent that  it  may  practically  be  said  not  to  exist,  except  in  the  case  of  mer- 
cury. In  gaees  conduction  occurs  to  a  slight  extent,  but  in  variable 
degrees.  It  consists  in  a  gradual  transference  or  propagation  of  heat 
from  particle  to  neighboring  particle,  proceeding  only  so  far  as  immediate 
contact  exists,  and  arrested  by  solution  of  continuity. 

The  metals  arc  among  tlie  best  conductors  of  heat.  The  worst  conduc- 
tors are  bodies  in  a  porous  or  pulverized  state,  such  as  straw,  down,  wood, 
sand,  sawdust;  this  is  owing  to  the  presence  of  a  large  amount  of  air  con- 
fined, in  the  meshes  of  the  fabric  or  between  tlie  particles  of  the  powder,  air 
itself  being  at]  extremely  poor  conductor.  Gypsum,  asbestos,  and  glass, 
furnish  well-known  instances  of  solid  bodies  which  are  very  slow  conductors. 

ConvecfioTi  occurs  in  liquids  and  gases.  It  signifies  a  transference  of 
heated  particles,  in  the  form  of  currents,  arising  at  the  point  where  the 
gas  or  liquid  is  in  contact  with  a  heated  body,  and  circulating  through  the 
entire  mass.  Such  currents  are  familiarly  known  iti  the  case  of  boiling 
water;  am]  every  one  has  seen  them  in  the  air  around  hot  stoves.  The 
portion  which  is  heated  expands,  rises,  and  is  immediately  replaced  by  a 
fresh  portion,  so  that  the  mass  is  heated  by  having  every  particle  brought 
in  actual  or  approximate  contact  with  the  source  of  heat.  The  heat  is 
further  equalized,  and  oummunicated  to  remote  parts,  by  the  process  of 
circulation. 

In  the  distribution  of  terrestrial  heat,  1.  «.,  of  heat  which  has  been  com- 
municated to  the  earth  from  the  sun,  convection  plays  a  most  important 
part.  TUq  atmosphere  is  kept  in  a  state  of  coiistant  motion,  almost  ex- 
clusively by  this  process.  Tho  ground,  heated  by  the  sun's  rays,  imparts 
heat  to  the  air  above;  the  air  expands,  rises,  and  its  place  is  filled  hy  air 
from  some  less-heated  spot,  which  in  its  passage  is  called  wind. 

Upon  the  sea-coast,  and  in  islands  in  the  sea,  this  plicnomenon  occurs 
with  regularity  during  the  warm  season,  M'hen  the  morning  sun  has 
acted  a  certain  number  of  hours  upon  the  surface  of  the  land,  it  becomes 
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warmer  thitn  the  itea;  the  air  above  th«  soil  rises,  and  fresh  air  pours  i 
from  the  *c-a  on  all  sides.  This  produces  what  is  called  a  sca-breew;  i 
similiter  it  hugiiis  in  the  early  furuiioun,  is  strou^st  an  hour  or  two  alk 
iiooti,  ami  ceasoa  at  sunset.  ^M 

In  the  eveninji;:,  the  reverse  takes  place,  the  land  cooling  raptdlr.^l 
eending  off  currents  called  a  laitd-breesc  towards  the  water,  which  is  ut 
subject  to  these  diurnal  tluctuutions  of  temperature. 

The  trailfi-n-inds  are  produced  in  a  siiuilar  way.  The  equatorial  be. 
of  the  earth^s  surface  is  heated  to  a  high  t«mperature  by  the  »un;  it 
atinosphorc  rises  in  a  nias^,  and  is  replaced  by  cooler  air  from  the  tturt 
and  south.  Thus  there  arc  formed  pairs  of  currents:  from  the  north  aui 
south  there  come  cool  under-currents,  along  the  surface  of  the  earth;  an 
to  the  north  and  south  there  pass  worm  upper-currents,  at  a  diatanoe  c 
many  thousands  of  feet  above  the  earth's  surface.  In  hi^h  latiturles  tb 
warmer  currents  flescend  in  places  to  the  earth,  pro<lucing  those  south 
westerly  winds  which  are  known  for  their  uiildnesa  in  many  parts  of  th 
world.  Thus  the  earth''5  atmosphere  is  furnished  with  a  circulatory  syi 
tcm  precisely  analogous  to  that  which  exists  in  a  chamber  warmed  by 
porcelain  stove. 

The  importance  of  this  arrangement,  in  furuisliing  warmth  to  the  n 
gions  near  the  poles,  and  coolness  to  the  equatorial  zone,  cannot  bo  i 
estimated;  it  fonnsone  of  the  principal  chapters  in  the  history  of  din 

The  trade-winds  blow  constantly  from'  the  north-east,  in  a  bi*l 
twecn  the  equator  and  the  3^1  j>arallel  of  north  latitude;  and  from  th 
south-cast  in  the  corresponding  re^on  south  of  the  equator.  This  chan^ 
of  direction  from  that  of  due  north  and  south  is  accounted  for  by  con 
aldering  that  the  air,  in  coming  near  the  equator,  is  continually  paatio) 
to  greater  and  greater  circles  (parallels).  Each  successive  parallel  attamei 
by  the  wind  is  greater  than  the  one  left  behind;  consequently,  the  velocit; 
of  rotation  of  the  surfaces  passed  over  by  the  wind  is  constantly  incmu 
ing.  Before  the  air  tan  acquire  the  increased  velocity  by  contact  will 
the  earth,  the  earth  iias  whirled  away  from  under  it  some  distance  to  Ui4 
east,  which  gives  the  effect  of  a  wind  moving  to  the  west — or  (ooiubtaioi 
this  with  its  equatorial  tendency)  to  the  south-west  or  north-west. 

As  regards  the  upper,  or  "  equatorial "  current,  its  existe-uce  is  de 
slratcd  upon  the  summits  of  many  intertropical  mountains,  as   the 
of  Teneriflfe,  12,180  feet  high,  and  Mauna  Kea,  in  the  Sandwich  Ish 
18,400  feet  high.     Its  rapidity  of  movement  gradually  diminiahe*  toward 
the  poles,  at  whicli  point  the  motion  almost  vatiishciS. 

Other  currents,  producing  winds  of  contrary  direction  in  the  temper- 
ate zones,  will  be  described  under  climate.  ^H 

The  North-east  and  tlio  South-east  trades  arc  sejiaratcd  by  a  belHI 
calm,  averaging  C°  in  width,  upon  the  equator.  This  belt,  and  (be  ning« 
of  the  trades  to  the  north  and  south,  varies  with  thi*  seusutui,  being  a  few 
degnies  further  south  in  our  winter  than  in  our  summer. 

The  ocean  water  undergoes  a  similar  influence,  bat  the  currcnt4  pro- 
duced are  very  much  less  regular,  though  their  general  effect  i»  to  traii»* 
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port  warm  water  Cn  the  surface  toward  the  cohier  parts  of  the  earth,  and 
cold  water  at  a  lower  level  iu  tlie  opposite  direction.  The  effects  in  miti- 
gating the  ftevevity  of  winter  are  munifest  along  the  western  coasts  of 
Europe,  and  inijHirt  to  the  climate  of  the  British  Isles  a  rare  mildness  and 
aptitude  fur  supporting  life. 

Radiation  is  entirely  different  from  either  conduction  or  convection. 
In  this  process  heat  is  conveyed  through  space  without  the  intervention 
of  any  solid,  liquid,  or  gaseous  substance  known  to  chemical  science,  i.  e.y 
through  a  vacuum.  Radiation  takes  place  also  through  cerlain  solids, 
liquids,  and  gattes,  and  wliun  this  occurs  they  may  be  said  to  be  Lranspar* 
ent  to  heat  (diathcrmanotis).  But  in  the  latter  case  the  transmission  is 
much  retarded;  heat  moves  through  a  vacuum  three  times  as  rapidly  as 
through  air.  It  will  be  easy  to  see  that  the  passage  of  radiant  heal  does 
not  necessarily  imply  the  warming  of  the  body  it  passes  through,  although 
this  occurs  to  some  slight  extent  in  many  bodies,  in  proportion  to  the 
absorption  of  heat  that  occurs.  The  atmosphere,  for  instance,  when  free 
from  moisture,  permits  the  sun's  rays  to  pass  to  the  earth  with  but  a 
slight  loss  from  absolution;  it  dops  not  become  directly  warmed  to  any 
great  extent  by  the  sun's  rays.  It  is  estiniated  that  four-fifths  of  the 
heat'fays  of  a  i>erpcndicular  sun  pass  the  atmosphere  without  absorption, 
in  very  clf-ar  weather.     (I^^nger.) 

Comf/tioim  o/'nuiiaiion. — In  general,  rough  bodies,  those  of  a  dull 
fcurface  and  of  high  density,  part  readily  with  heat  by  radiation,  while 
polished  and  light  substances  radiate  slowly.  The  surface  of  the  earth  is 
*  very  good  radiator,  and  partft  with  heat  rapidly  when  uncovered.  Ab- 
aorption  of  radiant  heat  is  also  effected  most  readily  by  a  dull,  rough  sur- 
face. The  color  of  a  substance,  which  dfjes  not  affect  the  process  of 
radiation,  is  very  important  in  absor(it)on.  Franklin  observed  that  snow 
melted  most  rapidly  when  covered  with  black  cloth,  and  in  a  successively 
diminishing  rate  under  blue,  green,  purple,  red,  yellow,  and  white  cloth. 

The  comparative  radiating  power  of  a  large  number  of  substances  is 
given  by  Loomis;  the  following  are  extracted  : 

Hare  skin 1316 

White  raw  wool  on  grass 1232 

Raw  silk 1107 

Long  grass 1000 

Grass  less  than  an  inch  in  height 870 

Glass 8G4 

Wood 773 

Iron 042 

Sawdust 610 

Garden-mould 478 

River  sand 454 

Stone 390 

Brick 372 

Gravel 288 
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Radmtkl  heat  iimy  h«  r^rtetf^uhttofhetf,  ut  IntMauiUtd ;  and  « 
init(«'il  it  mjij  nlHo  bp  rtyfhirtefi.     ( )f  mAecliuri  of  b«ml  il  u  umwoH 

■pruk  al  li-iig-lh. 

'rh«  coniiitirih»  of  trannmiMtiion  n.rr  the  fullowitig  : 

^*J|(•  c!Oj>ftcily  t»f  a  givpn  body  la  immnut  hpAt  vmnes  irith  tlic 
of  biNAt.  Th«i  nuUr  hcjtt  U  tntuinittod  b^^  gl^M,  while  the  bffti  < 
IB  ftlniost  whally  <*ut  o!T.  Ice  acta  in  a  Bunilnr  w»jr.  Pur*»  wfttor 
mdU-Dt  Ivcat  almost  wholly.  The  atn]oti|ihrnr  )et»  the  kuti**  be 
fnoly  to  thi«  ^■iirth;  but  wbrn  tbn  hnat  lia»  lioeii  nlworbcd  by  thn 
<^ange  MreruiJi  tu  have  come  over  it^  for  the  vapor  of  the  attmnpf 
•orbe*  vury  turgc  purt  of  Ihfl  rafJiant  beat  of  the  earth.  Thi»  p 
tn  amrntiAl  ilLfTiTunL'**  in  xhr-  quulily  of  tho  heal  from  different  i 
whkh  U  furtber  runtirinf>d  by  6i]iling  that  (liffnrniit  Houreek  of  tot 
heat— I.  r.^  the  flames  of  diff**mtil  Hiibsia«»:t>ti— ^rmlUt*  h«at  in  i 
proportions  through  laedia  wbicb,  id  other  respect*,  Karr  Ktmilar 
tive  powers. 

Tho  cajmeily  of  dif!<n«Dt  iKxlici  to  transmit  radiant  brat  ala 
with  the  tame  souppf  of  h-rat,  anrl  ihin  in  a  i>aratloxic«J  way.  Bla 
irarismitii  hoal-ravN  wUh  facility,  wbil*'  tr«nH[iar<»nt  g;la«ifl  cots  il 
Hrowu  r>L>ck'Qryatal  and  opai^oo  roc^k'salt  also  trnnininiit  wvlL  Th 
of  a  body  to  transmit  fadiaitt  \wnt  U  ratlcrd  dialhi-rmaticy. 

Tn  illuHtratc  thij»  point  the  foJtowUig^  statcmenia  Are  quoU 
Melloni :  *' Th*  heat  of  a  naked  ftame  i%  directed   through  plaU^a 
oua  aubstanc^es,  0.10^"'  think.     Thn  ]icrcr<ntagY>  of  the  total  amoi 
pmMM  through  \>  :  for  ro<*k-»Ak,  i>2.33;  for  plate.j^b»»B»  39;  fa 
eaudr,  B.     A  shfi't  of  liquid  of  foven  thicknojtii  (O.^'i'-j")  tranamiti 
lows  ;  lurprntinf^  SI  pere«nl.;  oliv«  oil,  30;  *»thfr»  31;  Alcohol, 
tniad  water,  11,     Of  the  gases,  sir,  when  perfeetly  dry  and  pun 
mtta  all  of  thn  heat;  and  ao  do  hydrogen,  nitrogen,  and!  oxygnrn.    \ 
acid)  however,  trauamtts  only  ^  of  radiant   beat,  street  gua  f^g^, 
nionia    tt'bt*       Atmospheric    moisture   greatly    increases    the    al 
powcrji  nf  air'  when  saturated,  air  has  its  diatherrnanouR  power  die 
^.     The  pre&enco  of  vapor*  of  other  and  ammonia  in  vapor  has  i 
*ff"uct,  and  »o  have  the  perfumoi^  of  flowers,  whieh  have  a  specific 
rotaininjf^  thefiun^s  heat  during  inflorescence,  where  great  heat  isr 

hi  L'uinicclinn  with  these  statements,  the  reader  will  recall  the  ( 
the  rofracdon  nf  a  sunhcsm  analyzes  it  into  three  components: 
lightf  TPiiXy  grocn^  and  violet;  rays  of  heat;  and  rays  possessing  c 
activity  (anliniam),  both  the  latter  being  invlaiblo.  These  threij 
riuVA  nvfrlap  each  other,  but  in  such  a  way  that  tho  actinic  rays  a 
powt-rfiil  ncflr  tb"?  violet  end  of  the  lip;ht-9pcetrmn»  while  the  heat 
stroii^'-cHt-  neur  the  red  end.  Each  of  the  two  latter  forma  its  o 
visible)  spectrum  \  it  is  imst'optthle  of  analysis  into  rays  of  greate 
ri'fnuitribitity.  And  it  is  founii  that  heat  from  feeble  aourc*es  ism 
rrfttm^iblf  than  that  from  more  Rner^eli*'  bodies.  Tl>r  heat  of  tb 
the  nuiHt  n'Tnin^ibJe,  its  rays  covering  tbf*  whole  spectnitn  of  lifi 
ri'uihiiiy  far  bi^yond  the  red  ray;  then  follow  in  order  that  from  tl 
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of  a  lamp,  from  incandescent  platinum,  from  cop|>pr  at  750*,  and  from 
water  at  212°  F.  It  would  iteem,  therefor**,  that  jflass,  while  transmitting 
aJI  the  rays  of  color,  transmits  uuly  that  purtiun  of  i\\v  raytt  of  heat  wbicli 
is  inoBt  rcfran^blc. 

ffeat  of  Comjiotiition. 

It  is  necessary  to  state  that  temperature,  or  sensible  heat,  Is  a  very 
different  thing  from  actual  heat.  Two  bodies  of  equal  weight  containing 
Tery  different  amounts  of  heat  may  give  the  same  temperature,  as  tested 
by  the  thermometer.  In  explaining  this,  wo  have  first  to  consider  what  is 
called  latent  heat,  or  heat  of  composition. 

In  paasirig  from  the  aolid  tu  the  liquid  state,  a  large  quantity  of  heat 
may  bo  poured  into  a  body  without  any  appreciable  rise  of  temperature. 
If  ice  at  32*  be  placed  over  a  lamp,  the  heat  of  which  can  be  measured,  it  will 
be  found  that  during  the  act  of  melting,  a  quantity  of  heat  is  used  suffi- 
cient to  have  raised  the  temperature  of  a  corresponding  quantity  of  water 
to  183*  K.,  white  at  the  end  of  the  melting,  the  water  produced  is  not 
sensibly  warmer  than  32".  We  say,  therefore,  that  the  ice  has  absorbed 
140°  of  heat.  A  similar  absorption  occurs  in  the  melting  of  all  solid 
bodies.  The  heat  which  thus  enters  into  composition  with  a  body,  and  is 
require<!  to  maintain  it  in  a  liquid  form — bent,  whose  energy  is  diverted 
to  the  maintenance  of  a  new  molecular  condition — is  called  heat  of  com- 
position; it  becomes  imperceptible  to  ordinary  tests,  liki'  the  water  of 
composition  in  mineml  bodies. 

The  heat  thus  absorbed  is  termi^d  Ifif^'vt  heat  of  Hqnefucfioiiy  or  fu- 
sion;  or  f^€at  offuidity.  And  that  which  is  absorbed  when  fluids  pass 
into  a  gaseous  state  (for  the  same  thing  occurs  here)  ia  called  the  tafent 
heat  of  vaporization.  "NVater  at  ".il3°  requires  the  addition  of  907*  F. 
(Rodwell)  to  bring  it  into  th«  state  of  vapor  by  boiling;  watnrat  ordinary 
temperatures  requires  much  more  to  evaporate  it  without  ebullition. 

In  all  cases  this  heat  is  recovered,  and  appears  as  an  agent  sensible  to 
the  thermometer,  when  gaseous  bodies  are  reduced  to  liquids,  or  liquids  to 
solids. 

jEoaporatiou  is  due  to  the  presence  of  heat;  and  it  will  aid  our  cnii- 
ceptions  if  wo  consider  heat  as  the  sole  cause  of  evaporation.  It  occurs 
with  perfect  readiness  in  vactto,  and  its  total  amount  is  very  slightly 
affected  by  the  presence  of  air.  Its  rapidity  is,  however,  greatly  modi- 
fied by  this  and  certain  other  circumstances.  Rapid  motion  of  the 
air  in  contact  with  the  fluiti,  and  a  great  extent  oE  cvaporating-surface, 
hasten  the  process  very  much;  while,  on  the  other  hand,  it  is  retarded  in 
proportion  to  the  pressure  under  which  it  occurs.  When  the  atmos- 
pheric pressure  is  entirely  removfd,  water  bolls  at  70^  F. ;  under  one  at- 
mosphere (14.6  lbs.  to  the  *noh),  it  boiU  at  212°;  under  an  additional 
utnioapherc,  at  afiO*;  under  three,  iit  ^Tri";  under  four,  at  20*l^ 

Evaporation  takes  place  more  readili/  in  a  vacuum  than  in  air,  on  ac- 
count of  the  reduced  pressure,  because  pressure  of  necessity  tends  to  keep 
the  molecules  of  the  liquid  together,  and,  when  that  pressure  U  removed. 
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the  molecules  can  more  re&dily  aAsume  the  gaseous  condition  (HodweJ 
A  liquid  evaporates  far  more  slowly  in  a  space  eoDtaifiiog  air,  or^H 
any  kind;  but  the  uUiniiite  amount  is  tbc  aaiiie.  ^| 

The  elastic  force  or  tension  of  aqueous  vapor  increases  with  ita  Ui 
peratiire;  the  fact,  familiar  m  the  case  of  steam  above  212%  is  also  tr 
at  tbo  lower  temperaturca  of  the  atmosphere  we  inhabit.  Hence,  oa  l 
temperature  rises,  a  greater  capacity  to  resist  the  atmospheric  preason 
developed,  auil  mure  vapor  tH  foriiitiU  fmni  the  water  which  happeostoi 
at  hand.  That  ib,  evaporation  is  increased.  Thia  is  illustrated  in  iJ 
next  tabic,  in  columns  3,  4,  5. 

The  addition  of  aqueous  vapor  to  air  lessens  its  specific  ^ravii 
though  but  slig-htty.  A&  is  seen  in  columns  2  and  3,  the  additiou  of  vap 
causes  a  considerable  expansion  of  volume,  and  the  specific  gxavitv^yl 
vapor  is  not  sufficient  (it  is  leas  than  that  of  air)  to  bring  tJhe  wei^^| 
to  what  it  was  in  tlie  dry  state. 

Air,   as   iu  temperature  rifios,  loses  greatly  in  weight;  sod 
oourse,  is  equally  true  of  saturated  air,  as  seen  in  column  6. 

As  the  temperature  rises,  the  amoinit  of  va[>or  capable  of 
the  gaseous  state  increases  very  rapidly,  as  seen  in  column  3.  And  oa 
relatively,  iht;  dcpretjsion  of 'a  few  degrees  in  temperature-,  when  »ei 
warm  air  is  saturated,  will  produce  a  great  precipitatioti  iu  water, 
explains  the  great  copiousness  of  the  rains  which  characterize  tbc  i 
of  changeable  weather  in  the  tropica  (rainy  season,  oorrei^Kwdi^ 
winter). 

AMOUNTS    OF  AQUBOCS  VAPOR   IS  l.OOO  VOLUMES  OF  AIR  WHE.*f  | 

URATED,    {TIDY.) 


I.OOOtoIk.  of  dry  1,000  voU.  of 

IVgrera  air  beoonM  wben  uturttfMl    air 

Fabr.  ,  saturated  (vol-    contalD  aq.  va- 

ames)  por  fTolbm«B> 


OsK  Cubic  Foot  or  Ani  Sati 

(Baram.  30  In. ) 


1002.3 
1003.6 

1005.6 
1008.3 
1013.0 
1017.3 
1024.4 
1034.1 
1047.0 
:0C3.9 


1.13 
3.29 

6.57 

8.23 

11.76 

n.oe 

23.82 
32.08 
43.93 
60.07 


Contains  aqneoos  vapoCL 


Cubic  inoheo. 


1.B354 

3.9571 

0.0250 

14.2214 

20.3213 

29.4797 

41.1610 

56.0800 

:5.9U0 

103.8010 


Onfaa. 


0.84 

I. .30 

J.97 

2.86 

4.10 

5.77 

&01 

ia98 

14.65 

19.84 


592.M 

580.S6 

567.99 

556.03 

544.36 

5311 

521 

50fl 

4fi 


The  practical  consequence  of  the  above  statements  is  further  mcm  tl 
the  case  of   water.     The  coolin^f  of  water  is  accomplished  by  hAitoiuiij 
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evaporation.  The  porous  jars  nailed  "  monkeys  " — the  alcaz7.a)Ta9  of  thft 
Spaiiiard» — when  hung  up  In  the  wind,  sweat,  and  are  cooled  by  tliu 
evaporation  of  their  sweat.  The  human  body  Is  cooled  in  the  same  way; 
hence  the  value  of  a  frequent  supply  of  water  to  men  engaged  in  severe 
toil,  at  forges  and  foundries. 

It  has  been  already  itieiitiotiod  that  largo  bodies  of  water  do  not  readily 
grow  hot  when  exposed  to  the  hum.  The  heat  of  the  sun's  rays  is  ex- 
pended very  largely  in  evaporating  the  water.  Such  heat  u:^  is  expended 
in  raising  the  lemporatunt  of  the  air  is  useful  (paradoxieal  as  it  seems)  in 
keeping  down  the  temperature  of  the  air;  for  it  serves  to  niaitttain  in  the 
vaporous  state  the  nioisturo  alrnady  evaporated,  and  permits  the  rise  of 
still  larger  quantili^tit  with  renewed  cooling  effects.  Jt  is  popularly  said 
that  air  has  a  cajiacity  for  absorbing  the  vapor  of  water;  and  tins  expres- 
sion may  be  retained,  though  strictly  incorrect.  Air  does  not  absorb  the 
vapor,  but  is  mingled  with  it,  each  under  its  own  independent  law. 

The  atmosphere  is  estimated  to  contain  50,000,000,000,000  tdns  of 
water  in  the  form  of  vapi^r,  but  in  a  state  of  constant  transition  to  rain  or 
fog,  snow  or  hail.  The  amount  of  precipitation  annually  is  estimated  at 
188,450,000,000,000  tons;  of  which  the  chief  part  falls  upon  the  earth,  and 
furnishes  ttie  supply  of  rivers. 

Precipitation  may  be  produced  by  several  causes.  Warm  currents  in 
the  upper  air,  laden  with  moisture,  when  they  strike  against  the  sides  of 
mountains,  arc  rapidly  cooled,  and  take  the  form  of  clouds,  and  rain  or 
snow.  This  process  may  be  observed  in  perfectly  clear  days.  The  moun- 
tain docs  not  "gather"  the  clouds;  but  the  clouds  form  from  the  passing 
wind,  and  may  be  seen  drifting  away  to  leeward.  It  is  thus  that  the 
mountains  become  the  sources  of  water-supply  for  continents.  Forests, 
possessing  a  high  radiating  power,  readily  receive  deposits  of  moisture  on 
the  leaves;  thoy  thus  increasu  the  humidity  of  a  country,  and,  by  conse- 
quence, the  annual  rain-fidl. 

On  sonic  occasions  a  wann,  moist  stratum  may  be  supposed  to  meet  u 
cold  stratum,  and  become  chilled  by  the  conta<:t.  The  extent  to  which 
this  occurs  is  doubt  Fid. 

An  extremely  common  cause  of  the  precipitation  of  moisture  consists 
in  the  expansion  which  air  and  vapor  undergo  from  rapid  elevation  into 
the  upper  regions  of  air,  as  is  explained  further  on,  under  Specific 
Heat. 

Another  form  of  precipitation  constitutes  dew.  The  current  explana- 
tion of  this  phenomenon  is  the  following:  During  the  day  the  earth  re- 
oeives  heat  from  the  sun,  which  it  rapidly  loses  by  radiation  after  sunset. 
Being  chilled,  it  is  in  a  position  to  condense  upon  its  own  surface  the 
vapor  contained  in  the  air,  which  asaunies  the  form  of  drops  uf  water. 
Rough  surfaces,  like  hairy  leaves,  form  the  best  radiators,  and  are  conse- 
quently liberally  provided  with  dew.  On  a  cloudy  night  dow  is  prevented 
frcim  forming,  owing  to  the  fact  that  radiation  is  arrested  by  the  clouds. 
Wind  also  hinders  the  deposition,  as  it  prevents  the  fonnation  uf  a  layer 
of  cool  air  in  contact  with  the  radiating  surface. 
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Hoar-frost  consists  of  &  procipitation  of  vapor  in  s  frtncen  st*t<>  i 
upon  the  surface. 

This,  the  accepted  theory  of  the  origin  of  dew,  is  doubted  by  ProfM 
Stoekbrid^,'  who  has  obtained  the  following  conclusions;  ^M 

1.  The  temperature  of  the  stiil,  taken  during  seven  months  (fl^ 
November),  averaged  at  night  56.370°  F.,  and  that  of  the  air,  49.6< 
For  the  latter  four  months,  average  at  4  a.m.:  air,  4J.03G*  ;  surface 
dry,  oultivated  soil,  ."tO.aS.i'';  of  wet,  cultivated  soil,  4S.89fl";  of  I^ 
grass,  between  53°  and  54^  ^M 

2.  Moisture  condenses  on  the  under  gide  of  boards  and  stonea  tying 
the  ground  when  the  upper  is  dry. 

3.  The  soil  in  summer  discbarges  moisture  into  the  air,  inst4taii|H 
aorbing  from  it.  ^^ 

4.  Plants  exude  immense  quantities  of  water  by  day  and  nighi,  wh 
being  ehillcd  by  the  night-air,  forms  dew  nn  their  surface.  W'tMghed  « 
the  "  dow"  on,  they  are  found  fiff/tfrr  than  they  were  the  evening  befi 

The  prnocas  of  forming  dew  is  imit^t^  by  an  artificial  cooling  in 
hygrometers  of  Daniell  and  Regnault. 

Tlie  fnnner  r'onsitists  of  n  glnus  ttil>e  bent  at  right-angles  at  two  poii 
the  middle  portion  is  horizontal,  and  the  two  end  branches  hang  vertic 
downward,  with  a  bulb  at  the  extremity  of  each.  One  bulb  contaii 
delicate  thermometer,  dipping  into  a  small  quantity  of  ether.  The  seo 
bulb  is  covered  with  muslin.  When  an  observation  is  to  be  made, 
TDuslin  is  wotted  with  a  few  drops  of  ether;  rapid  evaporation  from 
muslin  follows,  and  the  vapor  of  ether  within  the  first  bulb  is  cooled 
ooudensod.  The  pressure  on  the  ether  being  thus  diminished,  il  •! 
orates  freely,  and  its  temperature  is  thus  further  reduced,  rcachlnj 
length  a  point  at  which  a  ring  of  dew  begins  to  be  formed  outsjde 
bulb.  This  is  the  dew-point,  or  point  at  which  the  air  dcpoaiis  motats 
When  coincident  with  the  temperature  of  the  air,  It  would  indicjite  al 
lute  saturation.  This,  however,  is  of  rare  occurrence.  Regnaalt*a  hy| 
meter  deposits  dew  on  a  polished  silver  surface,  which  is  cooled  b^ 
current  of  air  passing  over  ether. 

The  psychrometcr,  or  dry  and  wet  bulb  iniitniment,  consists  of  a  | 
of  themiometcre.  mounted  for  convenience  on  a  single  piet*  of  wooi 
one  to  measure  the  temperature  of  the  air,  iho  other  the  temperature  ] 
duced  by  the  frei^  evaporation  of  water.  Evaporation  in  this  caso  jai 
iluced  by  covering  the  bulbs  with  a  single  layer  of  liglit  cnttim  clot^f 
wet  by  a  piece  of  wickihg,  which  rests  with  one  end  on  thr  upper  ^H 
the  bulb,  and  dips  with  its  other  end  into  a  vessel  nf  water.  This  in«1 
nient  does  not  mark  the  dow-point;  its  dry  bulb  gives  the  atmospb* 
temperature^  and  the  wet  bulb  the  number  of  degrees  of  cold  which  H 


'  Inveoti^tioiu  m»de  at  MasiaohnsBtbi  A^coltaral  Collage  BxpoisMafc  SMi 
Amhent,  Mans. 

*  Or,  pnJDt  of  demarnaiion  between  the  temp^atnraa  at  whieh  water  Is  6tpt0 
aod  thoRC  at  which  it  la  not  dcpoafbed. 


be  produced  by  free  evaporation.  Its  value  depends  on  the  fact  that  a 
dry  utinoBphere  irvaponilou  water  quickly,  and  oausos  a  j^reatcr  di-prossion 
of  tbo  thenitoineler  tlian  u  moister  air.  l''ruiii  tht-  reading  of  the  two 
thermomoturs,  tlie  dew-point  for  each  decree  of  atmospheric  ieinp«rature 
may  be  calculated,  and  also  the  relative  humidity  of  the  air — the  latter 
being  usually  expressed  as  the  ratio  (iiercentagc)  of  the  vapor  actually 
present  to  that  which  the  air  would  contain  at  the  same  temperature  if 
sftturated. 

Pressure  being  an  important  factor  in  the  rapidity  of  evaporatioDi  the 
height  of  the  barometer  must  also  be  taken  into  account  in  estimating 
the  atmo8[iheric  moisture. 

The  following  is  quoted  from  the  General  Meteorological  Instruct  ioiis» 
issued  by  the  War  Department,  Surgeon- Gen eraKs  Office,  Washington, 
August  10,  1868: 

"The  most  accurate  indications  with  the  wet  bulb  thermometer  are  ob- 
tained when  the  bulb  is  swung,  or  whirled  briskly  with  it«  bulb  fully  ex- 
posed, in  which  case  its  temperature  falls  until  the  cooling  produced  by 
evApomtion  is  eountcrbalancfd  by  that  taken  up  from  the  air.  .  .  . 
For  each  condition  of  the  atmosphere  as  to  warmth  and  moisture,  a  tem- 
perature exists  below  which  water  cannot  be  made  to  fall  by  its  own 
evaporation.  This  temperature  is  ascertained  by  swinging  a  wet  bulb 
thermometer  until  its  reading  becomes  stationary,  that  is,  until  it  ceases 
to  fall  any  lower,  however  rapid  a  motion  may  be  communicated  to  it. 

*•  A  psychrometer  exposed  to  very  slow  currents  of  air,  as  when  placed 
with  its  bulb  free  on  all  stdea,  in  a  louvre- boarded  box,  gives  a  some- 
what differetit  reading,  but  still,  one  that  can  be  used  in  the  calculation 
of  humidity,  although  with  less  accurate  results." 

A  modification  of  the  dry  and  wet  bulb  instrument,  called  the  hygro- 
doik,  contains,  in  addition  to  the  two  tlierinometers,  a  sort  of  mechanical 
computing-table,  which  euableq  an  observer  to  estimate  immediately  the 
relative  humidity. 

Specific  Heat. 

SpeciRo  heat  is  defined  as  the  quantity  of  heat  required  to  raise  the 
temperature  of  a  given  substance  one  degree  Fahrenheit,  as  compared 
with  that  required  to  raise  an  equal  weight  of  water  by  the  same  amount. 

Different  substances  in  the  same  category  (solids,  or  fluids,  or  gases) 
require  very  different  amounts  of  /teat  to  produce  corresponding  ther- 
THOinetric  indications.  This  Is  not  a  fact  of  ordinary  observation,  but  its 
iraijortance  in  naturn  is  very  grear.  To  take  an  example:  If  one  pound 
of  water  at  40°  and  one  pound  at  100'  bo  ndxod,  the  product  is  two 
pounds  at  70",  because  the  HpeciHo  lieats  are  the  same.  But  if  one  pound 
at  40"  be  added  to  a  pound  of  mercury  at  100",  tlie  result  will  be  a  tem- 
perature of  41f°  in  each.  In  this  expcrirnerit  water  appears  to  have  a 
great  power  of  absorbing  heat,  or  of  cooling  surrounding  objects. 

The  stone  and  earth  composing  the  surface  of  the  land  have  a  much 
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lower  specific  heat,  and  become  warm  much  quicker  under  tbe  infltj 
of  a  given  insolation,  than  the  water  of  the  sea.     The  surface  of  tbe  i 
never  becomes  healed  as  tiic  land  does,  and  is  not  capable  of  impar 
an  excessive  temperature  to  the  air;  hence  the  comparative  coolnc 
summer  winds  from  the  sea. 

Liebf-nborg  (quotod  in  Gohren)  gives  the  folIowing^  as  spc^fic  he 
soils  (that  of  water  being  =  1.0),  for  equal  volumes  of  dry  soil: 

Coarse  tertiary  sand 0.464 

Diluvial  marL 0^9 

LocHs-loam 0.3SI 

Granite  Boil 0.437 

Tertiary  clay 0.1M 


On  an  avera^,  the  specifio  heat  of  the  land  may  he  taken  as  =  I 

If  the  converse  experiment  bo  tried,  it  will  bo  found  that  a  pooU 
water  at  100°,  added  to  the  same  weifj^ht  of  mercury  at  40°,  will  loee^ 
little  nf  iU  heat,  and  the  combined  beat  will  stand  at  OSp  K,  The  - 
having  in  this  case  already  ub»orbeil  a  g^reat  quantity  nf  h«>at,  \h  in  a  pad* 
tion  to  spare  enough  to  raise  the  men-ury  to  9B^  without  itsrlf  looB 
more  than  1}°.  So  the  ocean,  in  winter,  spares  a  great  deal  of  h«^| 
the  cold  wind  without  V>ecoming  much  chilled;  and  winds  off  the  wstw 
are  apt  to  bo  warmer  than  land  hropxes  at  that  season. 

The  ocean  may  thus  be  regarded  as  a  vast  reservoir  of  heat,  for  h^^| 
ising  the  local  tompcratuFH  and  that  of  the  globe.  Although  waV 
warmed  by  the  sun  remains  at  the  surface,  nevertheleaa  the  total  ritecj^ 
of  one  day*s  warming  is  so  little  perceptible  that  the  diurnal  variatiQ 
temperature  is  only  two  or  three  degrees  in  the  torrid  tone,  and  fn« 
6ve  in  the  temperate  zones.  There  are  very  few  climates,  and  tlioac  i 
oceanic,  where  thn  atmosphere  is  limited  to  such  narrow  ranges  of 
tion.  The  entire  range  of  temperature  (lx>omis)  for  the  middle  o(l 
Atlantic  during  the  year,  near  the  equator,  is  about  10°;  near  3U°  N,| 
tt  is  15°;  near  40'  it  is  20',  and  near  50*  it  is  24\  which  is  srar«elr  ' 
half  the  annual  range  of  temperature  of  the  moal  equable  olimatfv  in 
same  latitude  on  land. 

The  following  tables  arc  taken  from  Kcgnault: 


SPECIFIC  HEAT  OF  K^UAL  WEIGHTS  BETVKKH  H'  A.VD  2W. 


Water 1. 

Carbon 0.24150 

Glass 0.197fi8 

Iron 0.U:J7!t 

Zinc 0.0U5r>5 

Copper 0.09515 

Brass 0.OU301 


Silver ,,.. . 

Tin 

Mercury 

Platinum O.tj 

Gold ac 

Lead. 0.1 


.:iar, 


I 


Water 

Watery  vapor 

Air...' 

Oxygen 

Nitrogen 

Hydrogen 

Protoxide  of  nitrog^cn.. 
Heavy  oarb.  tiydrog'eii. 

Oxido  of  carbon 

Carbonic  acid 


The  specific  heat  of  bodioa  is  inversely  proportioned  to  the  pressure 
under  which  they  are  placed.  A  Rolid  like  copper,  compressed  by  force 
of  blows,  not  only  becomes  heated  {which  is  in  part  due  to  the  transference 
of  the  momentum  of  the  hammer  with  chanpp  into  heat),  but  its  f»]>e['illo 
heal  is  pBnnaneiitly  lessened,  until  it  is  brought  back  to  its  former  density 
by  annealing.  Gases  from  which  the  pressure  is  removed  become  sensi- 
bly oolder;  the  heat  contained  is  not  Iost»  but  is  withdrawn  from  observa- 
tion, A  gas  under  slig^ht  jiressure,  therefore,  resembles  water  in  having  a 
high  specilio  heat;  while  under  a  strong  pressure  it  resembles  niert^ury  in 
having  a  low  specific  heat.  Accordingly*  air  at  elevated  points,  under 
lessened  pressure,  has  increased  power  to  abstract  heat  from  bodies  in 
contact  with  it.  When  brought  in  contact  with  mercury  in  a  thermome- 
ter, this  rarefied  air  extracts  more  hoat  from  it;  the  tliermomi-ter  *'  falls," 
and  the  fall  is  an  indication  of  the  power  of  rarefied  air  to  extnw't  more 
heat  than  condensed  air  from  all  neighboring  bodies — which  is  what  Is 
meant  by  temperature.  This  fall  of  the  thennometer  occurs  at  about  the 
rate  of  1'  F.  for  every  .100  feet  of  elevation.'  Hence,  the  coolness  of 
table-lands  and  mountain  peaks;  hence,  the  great  cold  which  aeronauts 
have  to  suffer. 

The   fonnation  of  clouds  by  condensation  of  vapor  may  evidently  l>e 

'  In  pare  ait,  expauuoti  alone  would  tower  tbn  tetnperatnre  at  kbe  rate  of  1*  G.  for 
every  100  ni«treM.  But  the  cundettiuitioD  of  vapor  oocarriDg  at  thene  elcTations  acta 
free  w  muuh  beat  &■  to  reduce  thia  tu  tbe  rate  of  0.2°  or  0.6'  (',,  naj  V  F.  for  every 
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ctLUftcd  bv  umply  raising  the  vkpor  to  a,  sufficient  licight  above  th« 
and  this  rise  is  conatantiy  occurring  under  iho  influ«>nc«  of  the 
levity  of  the  rapor,  warniod  by  tho  suti's  rays.  Honce,  in  tropical 
where  tlie  sun  i»  constantly  at  work  upon  large  musses  of  water,  a  c 
iftant  transfer  of  heat  lakes  place  from  the  surface  of  the  sea  to  the  big 
regions  of  the  air.  TIio  heal  asceiidfi  and  does  not  rede»ccnd;  it  ucsn 
oft  in  vapor,  and  is  not  returned  in  the  rain.  It  results  from  tbii  £ 
that  in  some  tropical  regions  of  the  earth,  where  water  aboimda,  the  t 
perature  of  the  air  never  rises  so  high  by  many  degrees  aa  it  doe*  in 
tain  comparatively  northern  countries  where  the  air  ia  dry.  At  Singa} 
(lat.  1°  17'  N.)  the  highest  range  of  the  thermometer  is  113°  F. 


r 


CUHATOLOOT. 

The  remarks  contained  in  the  few  preceding  pages  have  related  to  < 
tain  points  in  me(eoroloi/i/ — that  is,  to  the  gonerai  laws  of  atmospb 
phenomena,  Aa  applied  to  the  special  circumstances  of  ^ven  d^tai 
countries,  or  seas,  these  laws  constitute  cUtatttology.  ^| 

In  describing  thtt  climate  of  any  place,  the  leadin;*  facts  to  be  sti 
nre  those  regarding  Urnperature. ;  Uien,  maUit-uft  ;  and  afterward,  wj 
rain,  barometric  pressure.  These  elements,  however,  are  so  eloadj 
lated  that  it  will  be  well  to  treat  of  them  as  fonntng  one  c<tnnecled  ( 
tern.  The  Brst  point  to  be  known  in  n-gurd  U>  a  citmato  will  be  assiin 
lo  bo  its  temperature.  The  others  will  Ix*  spoken  of  %m  subordinal 
either  as  contributing  to  raise  or  depress,  to  steady  or  to  vary  tJie  ti 
perature  of  a  place,  or  else  as  dependent  upon  the  tcmperaturo. 

The  fhermoTnelcr  chiefly  used  in  tins  country  is  that  of  Kabrenh 
which  has  a  scale  of  ISO"  between  the  freezing-point  and  the 
point  of  water  (32'"  and  213^).  The  centigrade  thcrmoineter  div 
same  scale  into  100**;  it  numbers  the  freezing-point  0%  the  l>oilir 
100",  To  reduce  degrees  of  the  latter  (ulso  called  the  Celsius  tbenw 
eter)  to  degrees  of  Fahmnhnit,  multiply  by  U  and  divide  by  5,  and  I 
32  to  the  quotient.  If  a  minus  quantity  in  degrees  centigrade 
expressed  in  Fahrenheit's  scale,  subtract  the  above  quotient  from  I 

The  Ri-aumur  scale  is  reduced  to  Fahrenheit**  by  nuiltiplytng  b^ 
dividing  by  4,  and  adding  the  quotient  to,  or  subtracting  it  froin,  t 
according  as  the  quantity  is  positive  or  negative. 

In  recording  temperatures,  it  is  of  use  to  have  three  in&trutnenta:  i 
ordinary  upright  thermometer,  and  two  of  the  self-registering  sort— j 
for  maxima,  and  one  for  minima. 

The  stm-mttximwn^  or '*  solar  radiation,^  thermometer  meaaara* 
heat  which  the  direct  rays  of  the  aun  are  capable  of  im}>artinj|;  to  colj 
The  bulb  in  blackened;  the  instrument  is  mercurial,  and  is  contalnaMj 
glass-case  which  shelters  It  from  currents  of  air.      A  constriction  ^| 
neck  of  the  bulb  holds  the  column  of  mercury  at  the  maximum  jtoint. 

The  following  directions  will  be  found  of  practical  use  (o  obaer 
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"The  thermometer'  should  bo  placed  in  the  open  air,  hut  unclear  a 
foof  of  some  khid,  and  should  he  well  uheUered  toward  the  south.  It 
should  be  protected  not  only  from  the  direct  rays  of  the  sun,  but  from 
the  influences  of  all  Hurfane.H  wliich  atrong-ly  reflect  tho  sun's  he^t,  and  of 
all  large  bodies,  such  as  tliick  walls,  large  rooks,  ecc,  which  liecome  great 
reserroira  of  beat  during  the  day  and  of  oold  during  the  night. 

"  What  it  is  desirable  to  ascertain  by  themioraoter  is  tho  general  tem- 
perature of  tno  air  at  some  given  distance  above  tho  ground,  and  to  do 
this  properly  the  instrument  must  be  freely  exposed  to  the  external  atmos- 
phere, but  protected  from  local  radiations. 

"  Besides  the  circumstances  alluded  to  above  as  affecting  the  thermom- 
eter, the  height  of  the  instrument  above  the  ground  must  bo  taken  into 
account,  and  also  the  character  of  the  ground  immediately  beneath  it — 
both  matters  of  some  importance.  The  height  which  it  is  deemed  best 
to  fix  upon  is  that  of  Tour  feet  from  the  ground  to  tho  thermometer  bulb, 
and  the  surface  under  the  thennometor  should  be  of  short  grass,  suf- 
ficiently exposed  to  tho  sua  aud  wind  to  keep  it  from  habitual  damp- 
ness. 

"A  therraomcter-box,  in  which  most  of  the  instruments  used  and  re- 
Dordetl  at  the  station  are  suspended,  is  generally  used  for  tho  best- 
conducted  meteorological  observalians,  and  one  should  he  made  and  set 
up  at  every  post  where  there  are  means  of  constructing  it.  This  box, 
which  fthould  l>e  at  least  two  feet  square,  is  preferably  made  of  louvre- 
boards  or  overlapping  slats;  but  ordinan,'  boards  pierced  with  numerous 
half-inch  holes  may  be  usfd  Itisti-ad.  H  should  bo  open  at  the  Ijottom, 
and  have  a  roof  which  will  shed  rain.  One  of  tho  sides  should  be  hinged 
for  convenience  of  access  to  the  interior,  or  tho  box  may  be  left  porma* 
ncntly  open  towards  tho  north,  a  piece  of  board  or  of  canvas  being  used 
to  protect  it  against  driving  winds  from  that  quarter.  This  box  is  to  bo 
well  secured  on  posts,  at  the  proper  height  from  the  ground.  It  sliould  bo 
sheltered  from  the  sun  between  sunrise  and  7  a.m.,  and  between  11  a.m. 
and  3  p.m.,  special  screens  being  erected  for  the  purpose,  if  necessary. 
These  screens,  as  well  as  tho  box  itself,  should  be  whitewashed  or;  painted 
white. 

*' Thermometers  now  made  for  the  medical  department  are  so  mounted 
as  to  give  the  freest  exposure  to  the  air  and  the  least  opportunity  for  the 
retention  of  moisture  about  the  bulb. 

"  As  a  general  (luiig,  thennomelors  which  have  been  kept  for  some 
time  will  read  higlicr  than  a  new  standard,  and  if  tlic  thermometer  has 
been  originally  an  infenur  one  the  amount  of  its  error  will  var^'  at  dif- 
ferent temperatures." 

The  point  of  32*  F.  should  bo  verified  each  year,  at  a  time  when  there 
is  a  slight  thaw  going  on  in  tho  shade.  Tho  tliermomelcr  should  l»e 
plunged  for  half  an  hour,  nearly  to  tho  32°  mark,  in  a  vessel  full  of  wet 


'  General  Meteorolofricnl  InntmotionB,  War  Department,  Burgeon-GeneTal'a  Office, 
Washington,  Ao^Ufft  10.  1H18. 
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■now  or  k«  that  is  beginning'  to  melt,  with  only  enough  wmter  to  SH  «p 
the  intevstioes. 

A  Urg«namber  of  obserrations,  svstematicaUy  made,  form  ■.  bua  Ue 
ttioahxmg  meaniy  variaiionA,  and  ranr/ttg  of  temperature,  and  their  Uv% 

The  mean  height  for  any  ^iven  plaoe  is  ascertained  from  hourly  ohiir' 
ir«Uc>cu>.  taken  day  and  night  fur  a  series  of  years.  The  tnean  may  be  oat- 
c<ihu«Ml  cither  for  the  whole  year  or  for  tfao  separate  months,  or  for  rsc^ 
day  in  the  year.  The  mean  tempcniturc  for  the  whole  year  is  of  imp 
tAnee,  but  bv  itself  is  far  from  conveying  the  infonnation  desiriK) 
penon  about  to  n^sidc  in  a  placo;  &uch  a  {K-nion  wiahca  to  know  the  1 
pefature  for  the  nioiitJu  he  intends  to  spena  there. 

Tlie  yearfy  mean  for  a  given  place  is  the  lending  fact  in  respect  to] 
rlimato  <u  ti  frholHj  and  this  mean  is  very  nearly  the  same  from  yrar  I 
rear.  A  variation  of  four  or  five  degrees  issufFi<''i(.!Tit.  lo  constitute  a  t« 
cold  or  a  very  h«.it  year;  and  a  corresponding  ililTerence  in  the  annnJ 
mean  of  two  places  represents  a  difference  in  climate  correspondin::  <> 
that  between  New  York  and  Richmond,  whose  means  are  rvspf  ; 
51.?^  F.  and  5G.2°  F.  In  most  places  the  diffcn^iice  between  cxtmn-i; 
eoid  and  extremely  hot  years  is  much  less  than  10°.  It  has  rarvh  brm 
greater  at  any  place. 

A  Qscful  chart  of  the  temperaturo  of  a  given  place  may  b«  made  res- 
taining  three  curves:  first,  that  of  the  mean  of  each  month;  Mooad,  tktl 
of  the  highest  observation  in  each  month;  and,  thirvl.  that  of  Iowcbs  ab> 
servations.  The  first  shows  the  general  amount  of  hfat  and  its  raicdf 
inc^c^ase  and  decrease  (monthly  variation)  duritig  the  seasons;  tho  «o«i 
and  third,  taken  together,  show  the  monthly  osoillation — a  tact  of  extie^ 
iniportanco  to  all  delicate  persons. 

The  curve  of  nionthiy  variation  represents  a  complete  natural  cydfeW 
time.  Another  natural  cycle  is  that  of  the  day;  and  the  htjurly  rarialioK 
in  temperature  constitutes  another  most  important  clement  in  cGoutc 
This  factor  is  extremely  regular  for  a  given  place.  It  is  usual  to  findtiu 
the  curve  touches  its  lowest  point  sbout  an  hour  before  sunriac,  anil 
higliest  about  two  hours  after  noon.  This,  however,  is  not  the  i 
different  seasons  and  for  different  places. 

AVhere  the  annual  range  is  great,  the  monthly  and  daily  rangM  m 
also  usually  great. 

It  will  be  useful  to  note  the  reason  why  tho  time  of  greatest  heatdotf 
not  fan  at  noon,  when  the  earth  i«  receiving  the  greatest  amount  of  Kctf 
from  the  sun.  The  fact  is  a  universal  one,  and  ser\'c»  to  iJlitslrate  tb* 
way  in  which  the  atmosphere  receives  its  heat  indirectly  from  the  «pf«f 
layers  of  the  earth,  and  not  to  any  great  extent  from  the  direct  actios  e^ 
the  rays  of  the  sun.  Thes4>  upper  layen  of  the  soil  require  time  to  U 
warmed,  and  -they  oontiniiu  for  suino  hours  after  noon  to  add  their 
storcd-up  heat  to  that  «hirli  the  sun  pours  upon  ibem.  In  a  preriiel; 
analogous  way  tho  yearly  cycle  of  heat  de|»eiidK  upon  the  effect  which  i» 
produced  on  the  atmosphere  by  tho  aceumulaUd  hoat  of  the  narth^s  lu 
face,     The    accumulation    is  nut  greatest  on  the  day  whuu    (he  son 
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highest,  bnt  goos  on  increasing  for  four  or  more  weeks,  making  tho 
warmest  weeks  fall  in  the  months  of  July  or  August.  In  our  ciimato, 
July  is  the  hottest  month. 

The  coldest  hour  is  several  hours  past  midnight,  nntl  the  coldest  week 
is  in  January  usually,  because  the  process  of  cooling  continues  sometime 
a.ftcr  the  shortest  day  is  past. 

The  moan  temperature  of  a  day  is  obtained  in  scx'eral  ways:  ('f)  from 
the  a\*erage  of  hourl*/  observations  for  the  day;  (A)  from  tfie  average  i>f 
the  two  extremes^  obtained  by  self -registering  instruments,  which  difTers 
little  from  the  preceding;  [c)  by  selecting  some  hour  in  the  day  wbicli 
experience  has  shown  to  possess  a  temperature  equal  to  tlie  average  of 
the  twenty-four  hours;  {(I)  from  the  average  of  two  hours  of  the  same 
name  (e.  •;.,  7  a.m.  and  7  p.m.);  and,  finally  (with  greater  certainty  than 
by  any,  except  tho  first  method),  (e)  from  the  aeeniffe  of  Three  duihj  ob- 
servations. The  mean  obtained  in  this  way  has  to  be  submitted  to  a 
correction,  ascertained  by  experience,  and  differing  with  the  season  and 
the  location.  The  hours  recommended  by  tho  Smithsonian  Institution  arc 
7  A.M.,  2  P.M.,  and  It  p.m. 

A  self-registering  photographic  tracing  of  the  thermometer  may  bo 
taken,  representing  every  moment  of  tlie  day. 

It  has  been  already  observed  that  tlie  moan  temperature  is  not  the 
fact  which  most  concerns  an  Invalid.  It  is  not  absolute  cold  or  heat,  so 
much  as  fluctuation,  that  tries  the  endurance  of  delicate  constitutions 
and  annoys  even  robust  jicrsons.  Wo  classify  climates  by  their  ranges. 
A  great  range  for  tho  yc-ir  or  for  the  clay  is  characteristic  o£  climates 
deprived  of  tlie  oqualrzing  influence  of  water — that  is,  of  continental 
climuteB.     A  small  range,  on  the  other  liand,  is  found  in  marine  climutes. 

The  temperature  of  a  place  is  affected  by  many  circumstances.  Tito 
three  most  important  are  the  latitude,  the  height  above  the  sea,  and  the 
presence  of  water  or  of  atmospheric  vapor.  Other  conditions  of  great 
importance  are  the  neighbor])oo<l  of  forests,  the  conformation  of  the  sur- 
face, the  eompo-sition  of  the  soil,  the  wind,  sunshine,  and  so  forth. 

Latitmh. — This  is  on  the  wholo  the  most  important,  factor.  At  the 
equator,  the  distribution,  of  heat  amojig  the  seasons  is  most  equal,  wliilo 
beyond  tho  tropics  the  year  is  characterized  by  si.x  months  of  increase, 
with  a  very  gradual  and  retarded  wanning  of  tho  surface  of  the  earth, 
and  six  montlis  of  tho  reverse.  "Near  the  equator,  tho  entire  annnul 
variation  of  temperature  is  very  small,  and  the  greatest  cold  may  occur  in 
any  montli  from  November  to  March,  or  oven  from  Jvi3y  to  September. 
At  some  places  near  the  equator  there  are  two  annual  maxima  of  tempera- 
ture and  two  minima.  In  the  extreme  smith  of  tho  United  States  tho 
greatest  cold  usually  occurs  in  December;  near  the  parallel  of  40"  it  otv 
curs  about  tho  middle  of  January;  in  the  northern  part  of  the  United 
States,  about  the  3st  of  February;  at  Toronto  it  occurs  as  late  as  tlie 
middle  of  February;  and  in  latitude  78"  the  g^reatest  cold  occurs  in 
March.  Throughout  most  of  the  United  States  the  maximum  tempera- 
ture occurs  about  the  middle  of  July;  but  at  some  places  north  of  the 
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the  other  of  54.2°,  betweon  the  means  of  tho  coldest  and  the  hottest 
months.  Tho  difforcncc  is  equally  palpable  when  tho  absolute  range  is 
taken— that  is,  the  difference  between  the  extremes  at  any  time  observed; 
in  Moscovr  it  equals  141°  F.  (between  —  47"  and  +  'J4^)  ;  iii  Yakutsk, 
Siberia,  1G2°  F.  These  two  are  typical  illustratioua  o£  a  continental 
cUniatc. 

Owin^  to  tho  slowness  with  which  the  sea  receives  heat,  the  maximum 
temperature  of  sea-air  is  not  attained  till  a.  mouth  or  two  later  than  the 
air  uf  the  land.  Tliis  also  .has  its  influence  on  the  autumnal  climates  of 
sea-side  places. 

The  eHect  of  ocean  currents  upon  climate  is  beat  seen  in  the  west  of 
Europe.  Shetland  enjoys  a  winter  temperature  of  39°  F.;  it  would  be 
3%  if  its  geographical  latitude  alone  determiticd  its  warmth:  and  Londun 
faoA  a  winter  of  3d°,  whicli  would  be  17%  were  it  not  for  the  heat  brought 
from  the  Gulf  of  Mcxit-u  by  that  current  which  renders  Norway  habitable. 
Instead  of  cstitnaliiig  the  climate  uf  central  and  northern  Europe  by  ita 
latitude,  wo  may  reckon  that  it  grows  cold  from  west  to  east.  The  effect 
of  tho  Gulf  Stream  upon  the  climate  is  perceptible  as  far  as  central  Ger- 
many. On  tho  west  coast  of  North  America  a  similar  current  affects  in 
like  manner  the  climute  of  Alaska  and  BritJMh  Columbia. 

A  cold  (polar)  current,  running  next  our  own  Atlantic  coast,  prevents 
ns  from  deriving  benefit  from  the  heat  of  the  Gulf  Stream.  To  this  add 
the  prevalence  of  north-west  winds  in  our  cold  season. 

Another  function  of  moisture,  in  the  form  of  vapor,  is  the  prevention 
of  the  escape  of  heat  by  radiation.  It  is  tho  absence  of  this  "  blanket  ** 
that  makes  inland  climates  so  cold  in  winter.  Deserts,  or  tracts  where 
little  rain  falls,  are  among  the  hottest  parts  of  the  earth^s  surface  by  <iay, 
but  aro  sometimes  very  cold  by  night,  owing  to  the  excess  of  radiation  ; 
when  situated  in  tlie  tropics,  they  give  rise  to  tho  saying  that  tho  night 
is  tho  tropical  winter. 

The  amount  of  rain  falling  at  a  given  place  depends  upon  several 
circumstances. 

Tlic  excessive  rainfall  in  certain  parts  of  the  tropica  has  been  men- 
tioned and  explained,     in  some  places  a  shower  is  expected  every  day. 

The  wind  is  the  bearer  of  rain — or  rather  of  vapor,  which  may  be  con- 
densed under  favoring  circumstances.  Its  inOueucc  in  the  production  of 
rain  depends  on  several  eircumsta-nces  : 

1.  The  width  of  tho  surface  of  water  it  has  traversed,  and  the  distance 
it  has  had  to  pass  over  land  before  reaching  the  place  in  question. 

2.  The  relative  temperature  of  the  place  the  wind  comes  from  and  of 
the  place  it  goes  to.  An  equatorial  current,  warm  and  vapor-Iadcn,  de- 
posits rain  as  it  passes  to  the  north  and  cast.  A  polar  current  is  cold, 
and  tJierefore  dry;  its  effect  on  the  lands  lying  tn  the  south  is  drying. 
The  latter  case  is  exemplified  by  the  current  from  the  steppes  of  Russia 
and  Siberia,  which  furnishes  a  prevailing  wind  in  winter  over  a  largo  part 
of  tho  Eastern  Continent.  Another  instance  is  the  north  and  north-west 
wind  of  our  own  continent,  which  originates  in  the  vast  northent  plains, 
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aad,  coming  to  warmer  latitudes,  appears  as  a  dry  wind.    Again,  the  h< 

the  sandy  wastes  of  the  Sahara  is  so  excessive  that  the  moist  winds  cc 

from  the  Mediterranean  do  not  part  with  any  water  by  condensation 

3.  Moist  winds  deposit  rain  upon    mountains,   especially  if  tb< 

across  the  line  of  direction  of  the  prevailing'  winds  ;  and  in  many 

the  air  is  so  exhausted  of  moisture  by  the  process,  that  the  countrv 

beyond  is  almost  rainless.     The  winds  from  the  Atlantic  coast  an 

exhausted  in  the  mountains  which  lie  to  the  south  of  the  Sahara; 

from  the  Mediterranean,  in  parts,  by  the  mountains  on  the  northern 

The  vast  tracts  of  land  lying  east  of  the  Rocky  Mountains  labor 

a  similar  disadvantage,  which  is  mitigated   by  their  elevation  and 

*     quent  coolness,  and  by  their  comparatively  northern  latitude. 

Fhre^  are  generally  credited  with  the  power  of  increasing  the  m< 
of  a  neighboring  country.  It  is  evident  to  a  superficial  observatic 
the  moisture  within  their  own  precincts  is  increased.  This  fact,  bj 
though  interesting,  does  not  wholly  solve  our  doubts  ;  certain 
appear  to  be  settled,  however.  The  climate  of  a  forest  resembles 
an  island.  The  presence  of  much  moisture  in  the  air  prevents  th< 
loss  of  heat  by  night,  and  enables  a  large  amount  to  become  latent  1 
Hence  the  air  is  cooler  by  day,  both  in  summer  and  winter;  and  bj 
i\  it  is  warmer.     The  yearly  maximum  is  5.2°  C.  (=  0.4°  F.)  lower  t 

<|  the  neighboring  open  air  (Ebermayer),  and  the  minimum  is  highe 

<i  on  the  whole,  the  forest  air  is  decidedly  cooler  than  that  of  the  pin 

seems  to  be  the  function  of  the  woods  to  store  up  moisture.  They 
it  from  warm  moist  winds,  which  would  be  less  likely  to  give  it  uf 
open  Helds,  and  they  impart  it  to  dry  winds,  whether  cold  or  warm 
is  nforo  certain  in  regard  to  mountain  forests  than  in  regard  to  ti 
low  land. 

Tt   tnuy  be  adtlod  that,  by  protocting  the  snow  from  sudden  i 

and  till'  M'il  fnun  ilu*  dcvjistjitidn  of  torrents,  t>r  avalam-iR's,  treos 

most  iiiipmiaiit  part  In  maintiiinln^  u  country  In  a.  halntahlo  statf 

Tin-   lolIuwliiLT   -statciiuiit    of   liie   avoragu    annual    rainfall    in 

plact's  is  frnm  Ilanii's  talili's: 

Place.  j     Paris  inclies.  3IiI!in 

Siu-/. I  1  .0  ; 

Fort  Viinia,  in  tin-  ( 'nlitiaiio  \'a]lfv ,  '.1,1  \ 

.XHtnichiin '  4.(1  i 

Miulria 1~>.0  I 

Coitnlira,  «f>t  coast  nf  Spain '  1  1 1  .ti  1           ;V 

N.'w  Vork 4-1.4  ;            I. 

Loiulon IS.  I  \ 

Sinirapori' S4  -  '-i  '            3, 

Sierra  I, rone 1  I S .  I  '.y, 

( 'ayeiinc r^>  1  .  'J  |            3, 

Cerra  I'liiijci- r>'^4 . 5  ;           14, 


Tho  annual  amount  of  rain-fall  is  grcat<)st  at  the  equator,  and  dimin- 
islicy  willi  some  regularity  toward  ibe  poles.  Rouglily  stated,  it  equals, 
ill  inches — 


At  lalitntle. 

Aimual  fall  in  inch  as. 

At  latitude. 

Annnal  fall  in  incbea. 

0" 

100 

50" 

30 

20" 

80 

60" 

20 

30*' 

60 

70" 

10 

40** 

40 

80" 

fi 

I 


The  diatrihution  of  tho  rain-fall  ihrough  the  year  differs  greatly  in  dif- 
ferent latitudes.  At  the  equator  there  is  a  holt  of  a  few  degrees  where 
a  heavy  shower  with  thunder  occurs  every  day  between  noon  and  two 
o'clock.  Next  comes  a  tropical  zone,  with  periodical  rains  oocurring 
when  iht'  sun  is  overhead,  i.  <".,  in  tho  summer.  Then  a  sub-tropiral  dry 
rone,  extending  from  about  24"  to  28®,  which  coincides  with  tho  greatest 
part  of  tho  deserts  on  tho  oarth*8  surface.  Beyond  lies  the  temperate 
zone,  divided  into  thren  belts :  the  warm,  28**-3u*',  with  scini-pfiriodifal 
winter  rains,  and  little  in  summer;  the  middle,  35**— 45°,  with  equijioctlal 
rains;  and  the  cooler,  45''-C5°,  with  jwrcnnial  rains,  but  with  a  maximum 
in  summer.  The  polar  zone  has  a  dry  winter,  with  clear  sky,  but  in  sum- 
mer a  frequent  fall  of  light  rain.  None  of  these  zones  strictly  corresponds 
to  the  above  parallels,  any  nioro  than  thn  isothennal  z.or)c.s  do  to  theirs. 

It  should  be  borne  in  mind  that  the  amount  of  ruin-fall  is  very  far  from 
being  an  index  of  the  moisture  of  the  atmosphere.  In  fact,  these  two  are 
often  found  in  inverse  ratio  to  each  other.  A  showery  climate  is  &  disad- 
vantage when  it  keeps  people  In  the  house. 

A  full  description  of  the  nietliod  of  taking  observations  of  rain-  and 
annw-fall  is  given  in  the  Smithsonian  Miscellaneous  Collections  (148).  TIio 
following  brief  note  is  from  instructions  issued  by  the  War  l)e]->artmenl: 

*'The  rain-gauge  now  issued  by  the  Department  ifi  a  brass  cylinder, 
■even  and  a  half  inches  high,  witli  a  diameter  at  its  mouth  of  one  and 
ninety-seven  hundrodth-s  (l.I*7)of  an  inch;  this  diameter  being  fixed  upon 
for  the  reason  that  one  inch  of  rain  falling  through  such  an  aperture 
will  moasuro  exactly  fifty  cubic  centimetres  (50  c.c). 

"  The  most  desirable  jrlace  for  a  rain-gauge,  other  things  being  tM]Ufil, 
is  at  the  surface  of  tlie  ground;  but,  since  it  is  not  easy  to  prutect  an  in- 
strument in  that  situation,  the  gauge  will  bo  placed  on  tho  top  of  a  post 
eight  feet  htgli,  a  countersunk  hole  of  three  inches  iu  depth  being  made 
to  receive  it." 

7716  composition  of  the  eoil  affects  the  lemperuture  greatly.  While 
water  equalizes  tho  temperature,  dry  sand  produces  great  extremes. 
Owing  to  the  very  poor  conducting  power  of  this  substance,  it  retains  a 
great  deal  nf  heat  in  its  uppermost  layer,  giving  a  very  high  temperature; 
to  the  air  which  passes  over  it  by  day.     At  night  tho  radiation  from  this 
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slialloTT  surface  is  so  great  tliat  frost  is  uot  an  uncommon  occu 
dry,  tropica)  countries  where  trees  are  absent.     Loam   und  clay  sdHj^  i^ 
tttiiiing^  moisture,  are  not  so  Iiot  at  the  surface,  nor  so  cold  by  nighc, 
sand  is.      In  parts  of  the  Sahara  and  thn  desorts  nf   Arabia  a  mean 
mer-heat  of  05°  has  been  observed  with  a  surfuce-tempt^rature  of  200* 
or  125°  in  the  shade.     Similar  elevation  of  surface-heat  is  cliar»ete: 
of  the  climate  of  India. 

Conformation  of  surface. — The  general  rule  of  diminished  toffl| 
ture  witli  increased  elevation  is  subject  to  a  apecial  exception  in  the 
of  low  land  surrounded  by  hills.     The  early  frosts  of  autumn  attack 
spots    first,  unless    they  are   protected    by   the   preseaco    of  a   sheet  of 
water. 

The  air  at  higher  levels  on  the  hills  or  mountains,  becoming  ebille^^ 
evening,  or  under  various  other  circumKtances,  rushes  down  the  sides  |^| 
the  valleys,  producing  that  freezing  blast  ivliicli  the  traveller  often  «•» 
counters  at  the  entrance  of  a  pass.  A  lake  surrounded  by  bills  is  nolcn- 
ously  squally.  In  choosing  the  site  ot  a  house,  therefore,  low  gm^M 
surrounded  by  hills  is  objectionable  for  other  reasons  than  that  of  vP 
cessive  inuisture.  In  Tyrol,  Carintlila,  and  upper  Austria,  the  peasanU 
have  discovered  that  a  house  is  warmer  if  built  upon  the  low  foot 
than  if  placed  in  the  bod  of  a  valley. 

77te  wind — its  origin,  its  relations  to  barometric  pressnro  and 
ture,  and  other  points — need  not  be  further  dwelt  upon  here.  F( 
description  of  the  anemometer,  the  reader  is  referred  to  the  publtca< 
of  the  Smithsonian  Institution.  The  direction,  furre,  and  vortatioi 
the  wind  for  given  periods  form  extremely  important  elements  in 
climate  of  a  place. 

vELocirr  OP  \asj>. 


Velocity. 


0=calm. 

1  =  less  than  five  miles  an  hour. 
3=: between  five  and  ton. 
3=      "  ten  and  fifteen. 

4;=      '*  fifteen  and  twenty. 

6=      "  twenty  and  thirty. 

6=      **  thirty  and  forty. 

7=      «  forty  and  fifty. 

8=      "  fifty  and  sixty. 

9=      "  sixty  and  seventy. 

10=above  seventy. 


FrMBonln  tba. 
per  aqnare  foot. 


.1?5 
.125  to 
.5  « 
1.12  " 
2.00  " 
4.50  " 


.60 

1.12 

a.oo 

4.50 
8.00 


8.00  "  13.50 
12.50  "  18.00 
18.00  •*  24.50 


DtfloriptiTc  namea  tued  hf 
Britiab  Admirali;. 


light  air. 

>  Light  brecxe. 

Gentle  breeze. 
Moderate  breeze,^ 
Fresh  brceio  to  stomT 

breeze.  ^m 

Moderate  gale.  ^| 

Fresh  gale. 
Strong    gale    to  «hoU 

gale. 
Stonn  to  hurricane. 
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DBSIONATIONS  OP  WIXD  ACCOaDIKG  TO  ITS  VELOCITY  <P£OLETJ.' 

Uetras  per  secoDd. 

0-5 wind  hardly  felt. 

1 sensible. 

2 moderate. 

6.5 quite  strong. 

10 high. 

20 vpry  high. 

22.fi stortn. 

27 severe  storm. 

36 hurricane. 

45 hurricane  which  uproots  trees  and  overthrows  houses. 

The  regularity  of  the  winds  in  the  tropics  has  been  noticed.  In  the 
temperate  zones  the  upper  current  (equatorial  moist  wind)  comes  much 
nearer  the  earth,  and  often  descends  so  as  to  touch  its  surface.  This  pro- 
duces a  rapid  chanj^  of  weather,  with  ruin;  and  the  frequency  of  these 
cbaages  is  characleri^tic  of  temperate  zones  in  uiost  months  of  tlio  year. 

Marometric  preMure, — This  is  chielly  dependent  on  the  weight  of  the 
atmospheric  air;  but  the  tension  of  the  watery  vapor  in  the  air  certainly 
affects  the  barometric  pressure  also.  The  pressure,  lig-htened  wliere  the 
air  of  a  place  is  expanded  by  heat  and  increased  during^  cold,  forms  the 
principal  cause  of  the  production  of  wind.  Foci  of  low  pressure  are  pro- 
duced over  continental  plains,  like  those  of  Asia  and  North  America,  in 
summer;  of  high  pressure,  in  the  same  places,  dnring  winter.  To  these 
foci  the  air  converges  in  summer,  and  from  thorn  it  diverges  in  wir^ter. 

The  observations  of  the  boromeler  arc  classified  under  tlie  fulluwiug 
heads,  wliich  correspond  to  tfiosc  belonging  to  iherinometry: 

Mean  height  for  c/tiy,  for  tuonf/i,  for  year,  and  that  for  &  placCj  de- 
duced from  the  average  of  a  scries  of  years. 

Utfurly  variation,  or  diurrjal  oseUlation,'  derived  from  observations 
protracted  for  years.  There  ore  two  Jiuctuations  daily  in  each  direction 
— giving  maxima  in  the  tropica,  at  about  9  jl.ii  and  10  p.m.,  and  minima 
at  1  A.M.  and  3  or  4  r.u.,  or  nearly  so. 

Monthly  os4;ination  is  the  difference  between  the  extremes  observed 
during  the.  month.  It  represents  accidental  changes  of  weather.  A  mean 
monthly  oscillation  is  deduced  from  years  of  observation  of  a  given  month; 
if  great,  the  climate  is  a  bad  or  Lard  one,  subject  to  great  fluctuations  of 
weather. 

The  yearly  oscillation  depends  less  on  latitude  than  on  the  prcs4Mice 
or  absence  of  water.  In  continental  climates  the  maximum  and  minimum 
are  in  winter  and  summer.  In  the  sea  climates  of  western  Europe  there 
are  two  maxima;  at  the  beginning  of  the  autumn  and  in  winter;  and 
two  minima:   in  April  and  November. 

In  Pekin  there  is  a  stt-ady  rise  from  January  to  July,  with  a  differ- 

1  ToL  I.,  p.  387.  *  OsdllatioD  =  extreme  v&ttge. 
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ence  of  |  of  an  inch,  and  a  steady  fall  from  July  to  Januftrj.  In 
Paris,  Boston,  tlie  difference  between  any  tv/o  mnntblr  means  does  BN 
exceed  -^ff  of  an  inch.  The  extremes  of  fluctuation,  however,  ore  tOMk 
greater — in  London,  3  inches,  for  ejiample.  In  summer,  m^xiniA  of  g^| 
sure  occur  over  oceans,  as  minima  occur  over  continents.  ^" 

Isobarometrio  lines  are  lines  connecting  places  with  the  axnie  nicaii 
annual  height  of  barometer.  The  height  at  the  sea-l<itvol  is  less  at  thr 
equator  (2iK974)  than  on  cither  side  at  30°  north  and  snath  laliludo,  and 
lessens  again  toward  the  poles,  especially  towanl  the  soatb,  fruio  03'  to 
74**  south  latitude,  where  the  depression  is  upward  of  on  inob.  (Pjirlcm.; 


Of  all  the  elements  which  enter  into  the  composition  of  a 
there  is  none  more  inimical  to  man's  health  than  great  variahiltty. 
individuaU  may  not  suffer,  but  the  weak  arc  injured.  If  we  may  naltc 
inferences  from  facts  of  common  observation  and  the  testimony  of  Irafet* 
lers,  the  health  of  man  may  be  maintained  unitiipairod  at  a  tnmporaltirw 
(in-doors)  of  40"  or  45'  B\,  at  upward  of  80*  F.,  and  at  all  points  hif 
tween.'  Not  only  do  nati\-e  races  flourish  in  surh  extreme  climates, |||L 
Kuropeans  are  found  to  enjoy  nearly  if  not  cjulte  as  good  health  ^^M 
home — under  prof>er  regulations. 

This  point,  the  compatibility  of  the  most  various  climates  with  j 
health,  is  of  the  6rst  importance,  and  may  be  here  illustrated. 

One  of  the  finest  climates  in  the  world  is  found  in  the  .-\rabian  i 
The  traveller  Inhales  a  very  dry  ami  pure  air,  and  is  exposed  to  abuml 
of  light.  The  effect  is  a  stimulant  one,  onalogous  to  that  expcririwrd 
on  high  mountain  plateaus.  Many  of  our  own  onuntrymen  are  perfectly 
acquainted  with  the  invigorating  action  on  the  nervous  system  of  aonw  of 
our  Hocky  Mountain  regions  and  parts  of  California.  Tlmjic  who  In 
on  the  necessity  of  moisture  for  health  should  read  descriptiuns,  stic 
this  by  Palgrave  :* 

**  In  any  other  climate  sucli  an  establishment  (t*.  i*.,  a  si  aught  er-Tia 
would  be  an  intolerable  nuisance  if  thus  placed  within  the  city  limits,i 
right  in  the  centre  of  gardens  and  habitations.     But  here  the  drync 
the  atmosphere  is  such  that  no  ill  consequence  follows;  putrefaction  ' 
effectually  anticipated  by  the  parching  influence  of  th3  air,  which  rea^ 
a  carcass  of  three  or  four  days^  standing  as  inoffensive  to  thn  noae  i 
leather  <lrum;  and  one  may  pass  leisurely  by  a  rectrntly  deeeaMK] 
on  the  road-side,  and  almost  take  it  for  a  specimen  proparDd  with  artcue 
and  spirits  for  an  anatomical  museum.^' 

The  variation  between  the  temperatures  of  day  and  night,  whicii  dl•^ 
acterizes  these  regions,  is  not  necessarily  a  hurtful  clement,  as  it  oaa  U 


'  The  winter  tempcratare  of  CnmbnrluKl  Houm  is  —  Q'  F.  ;  tb«  ramnwr  tanpstt^ 
tnra  of  Galveatoa  U  83'.  A«  rofcardd  urctic  temperature.  Dr.  £aac  eaoddarad  tt 
daalrable,  for  the  henllb  of  h»  men.  to  ke«p  his  oatun  above  TiJ'. 

'  Personal  Xarrativo  of  a  Vcuir's  Joani^  thxoof  h  Ccutral  ojhI  Eaa(«n  Afabia,  ISTt 


I 


foreseen  and  proviiJnd  against ;  whereas  no  foresight  ean  guard  a  person 
in  the  Norlhern  UniteJ  States  ngainst  the  cliarip?s  which  give  us  for  one 
day,  or  a  succession  of  days,  tho  climate  of  Richmond,  and  tlien,  at  an 
hour*s  warning",  the  climate  of  NewfoutuIIaiul  for  an  indefinite  period.  A 
moderate  amount  of  daily  variation,  indeed,  appears  to  he  consistent  vntU 
f(reatexceiIeiK-o  in  a  climate,  such  as  that  of  Florida,  for  example;  tlie  stimu- 
lating action  of  a  moderate  change  from  warm  to  cold  is  prohaHly  desira- 
ble for  most  cases,  except  in  persons  of  VGry  feeble  powers  of  resistanoft. 

A  moist  and  warm  climate  is  felt  as  very  depressing  after  a  stay  in  a 
desert -air.  Nevertheless,  the  chief  danger  to  life,  in  such  a  climate,  docs 
not  arise  from  this  depression,  but  from  malaria,  and,  when  the  latter  is 
avoided,  the  inhabitants  may  be  found  tu  be  very  healthy. 

A  very  moist  and  hot  climate  is  found  in  tho  tropics,  within  the  belt 
of  daily  rains,  and,  in  spite  of  its  direct  contrast  in  almost  every  respect 
to  some  of  our  "  finest  climates"  {e.  (/.,  that  of  Minnesota  in  winter),  it 
seems  to  deserve  the  reputation  of  great  salubrity. 

"In  this  favored  zone  [from  1"4*  north  to  lH"  south  latitude]  the  heat 
is  never  oppressive,  as  it  so  often  becomes  on  tho  borders  of  the  tropics; 
and  thb  large  absolute  amount  of  moisture  always  present  in  the  air  is 
almost  as  congenial  to  the  health  of  man  as  it  is  favorable  to  the  growth 
and  development  of  vegetation.  Where  tho  inhabitants  adapt  their  mode 
of  life  to  the  peculiarities  of  tho  climate,  as  is  the  case  with  the  Dutch  in 
the  .\talay  Archipelago,  they  enjoy  as  robust  health  as  in  ICuro|}e,  botli  in 
the  oaflc  of  persons  born  in  Europe  and  of  those  who  for  generations  have 
lived  under  a  vertical  sun.  Again,  tho  lowering  of  tho  temperature  at 
night  is  so  regular,  and  yet  so  strictly  limited  in  amount,  that,  althougli 
never  cold  enough  to  bo  unpleasant,  tho  nights  are  never  so  oppressively 
hot  as  to  prevent  sleep."'  This  climate  is  marked  by  a  humidity  which 
ranges  in  January  from  77  to  9G  per  cent,  of  saturation;  in  September, 
ttie  driest  month,  from  G2  to  9'^. 

'*The  effect  of  a  tropica!  climate  is,  so  to  speak,  relative.  Tho  tera- 
pcrature  and  the  humidity  of  the  air  are  highly  favorable  to  decomposi- 
tions of  all  kinds;  the  effluvia  from  an  impure  soil,  and  tho  putresoont 
ghangcs  going  on  in  it,  are  greatly  aggravated  by  boat.  The  effects  of  the 
litary  evils  which,  in  a  cold  climate  like  Canada,  are  partly  neutralized 
by  the  cold,  are  developed  in  the  AV'est  Indies  or  in  tropical  India  to  tho 
greatest  degree.  Jn  this  way  a  tropical  climate  is  evidently  most  power- 
ful, and  it  renders  all  sanitary  precautions  tenfold  moro  necessary  than  in 
the  temperate  zone.  Rut  all  this  is  not  the  ofFcet  of  climate,  but  of  some- 
thing added  to  climate.  Take  away  these  sanitary  defects,  and  avoid 
malarious  soils,  or  ilraln  them,  and  let  the  mode  of  living  be  a  properono, 
and  the  Kuropean  soldier  does  not  die  faster  in  the  tropics  than  at  home," ' 

Such  are  the  general  conclusions  which  we  are  warranted  in  presenting 
in  regard  to  hot  climates.  Whether  the  heats  of  India  will  prevent  tho 
Europeans — and  particularly  the  English — from  becoming  a  permanent 


>  A.  B.  Wallace :  Tropical  Nature,  1878. 
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element  of  the  population,  as  they  have  become  ia  Louisiuia,*  U  a  qoet- 
tion  which  is  not  yet  solved,  though  somo  facts  seem  to  negative  it. 

The  effect  of  climatic  heat  upon  a  new-comer  is  to  raise  the 
iem|)eraiure  slightly.  The  respirations  are  lessened  (Rattray)i  beiu 
the  average  18.43  per  cent,  less  than  thoy  were  in  temperate  clii 
The  skin  secretes  much  more,  the  kidneys  much  less  than  before, 
digestive  powers  are  somewhat  lessened,  snd  many  experience  laasUodib 
Tlie  power  of  performing  work,  in  the  case  of  men  who  hare  b«<cQH| 
somewhat  accustomed  to  the  new  conditions,  is  underrated,  and  idlflj^f 
has  done  more  harm  than  fatigue  to  the  British  soldier  in  India. 

Even   in    this  most   trying  climate,  however,  the   effects  of   sud 
changes  are  very  manifest.      It  is  commonly  said  that  the   heat  pr 
disease  of  the  liver.     It  would  be  more  correct  to  say  that  this,  with  < 
frequent  affections  of  the  digestive  tract,  are  due  to  high-living 
exposure  to  the  chilling  effects  of  wind,  voluntarily  e^counte^c^d  for  tE 
purpose  of  cooling  the  body. 

The  effects  of  extreme  cold  upon  the  system  are  not  necessarily  bano* 
ful  to  the  healthy  mujonty,  however  destructive  of  feeble  life  they  mtyb& 

The  effects  of  arctic  cold  arc  complicated  with  those  of  the  absence  of 
sunlight  during  a  great  part  of  the  year.  No  circumstance  exercises  so 
depressing  an  influence,  first  upon  the  mind,  and  then  upon  all  the  scd|fc 
powers  of  the  body  and  the  general  vigor,  as  this  absence  of  suuti^^| 
and  it  will  be  found  that  almost  all  climates  regarded  as  specially  ben^ 
ficial  to  invalids  are  marked  by  an  abundance  of  solar  light.  The  ntrbjal. 
depression  of  the  arctic  voyager  is  felt  in  a  less  degree  by  the  Italia 
London,  or  by  the  stranger  in  a  foggy  season  at  Newport,  In  soini 
stances  of  excessive  nervoiui  irritability,  this  depressing  iufluenco 
sirablc,  especially  when  it  is  conjoined  with  the  insular  mildnesa  of  a  cliniitv 
like  that  of  England.  Bat,  on  the  whole,  deprivation  of  sunlight  is  ■  j 
reason  for  condemning  a  climate.  The  sea-side  climates,  in  temp 
latitudes,  in  nnrly  summer,  before  the  fogs  have  set  in,  are  very  stiml 
lating;  beyond  a  certain  degree  of  heat  they  become  too  cncnratiog 
for  many;  their  sthnulaut  action  has  a  certain  incomplete  analogy  wilh 
that  of  open  plateaux,  and  their  sedative  action  (AugUKt)  approaches 
that  of  the  tropics.  But  abundant  sunlight  is  on  the  whole  a  cfaaraot^r- 
istic  of  the  open  sea-coast. 

It  is  now  admitted  that  the  most  general  test  of  the  value  of  a  clio 
consists  in  its  suitability  to  be  lived  in  :  or,  if  this  seem  like  taatoti 
the  best  climate  is  that  in  which  a  delicate  person  con  be  out  of  <l 
with  comfort  and  safety  for  the  greatest  number  of  hours  and  da^**  in  tlip 
month.  Tliis  requisition  can  only  be  fulfilled,  in  most  cases,  by  the  ooni- 
bination  of  clear  sX-y  (sunlight),  warmUt  (not  of  the  rays  of  tbo  sun.  tM| 
of  the  lowpr  level  of  atmosphere),  and  e*jitabilUy  {or  freedom  from  vio^f 
change  of  temperature  and  chilling  wind). 


*  The  caae  of  the  Bonlhem  Uoited  StatM  ii,  however,  quilo  iliflaront  from  UmS  ot 
fhe  porohcd  pUtiua  of  India. 


TITE   ATJIOSriTFRK 


669 


Tho  equability  of  insular  tropical  climates,  however,  does  not  suppljr 
a  certain  desirable  elomeiit — that  of  stimulus.  For  this  element  we  must 
seek  a  mountain  climate,  or  that  of  a  plateau.  Yet  even  here  tlie  rule 
holds  ^Ofl,  that  exposure  to  the  atmosphere  and  all  it»  Influonecs  must  be 
sought.  Ininuinity  from  phthiuis  is  said  to  exist  at  hig^h  altitudes  in  vari- 
ous countries,  and  a  curative  influence  must  certainly  be  ascribed  to  this 
fact  alone,  associated  with  a  low  atmospheric  pressure;  but  such  influ- 
ences may  be  eonipletoly  neutralized  by  confinement  to  in-door  occupa- 
tions, and  unwholesome  houses. 

Climate  of  high  oUituiUs. — "fmmunity  from  phthisis  is  not  complete 
in  any  place  or  climate.  KOchenmcistpr's  law  ascribes  a  specific  influ- 
ence to  a  given  height,  winch  varies  with  the  latitude  of  the  place;  for 
over)'  dejrree  of  removal  toward  tlie  south,  an  increase  of  3T5  feet  in 
height  above  the  sea-level  being  required  to  produce  the  effect.  This 
gives  an  elevation  of  about  3,000  feet  for  the  latitude  of  Switzerland,  and 
of  9,Ch10  feet  for  the  equator.  This  generalization,  however,  is  contra- 
dicted by  certain  observed  facts,  and  can  only  have  a,  value  as  furnishing 
a  suggestive  hypothesis.  I^ombard  found  that  the  lower  altitudes  in 
Swilzerlaiid  (from  1,250  to  1,C50  feet)  had  a  mortality  from  phthisis 
amounting  to  10.2  per  cent,  of  the  total  mortality;  the  regions  of  medium 
elevation  (1,725-2,700  feet)  had  0.4  per  cent.;  the  high  regions  (2,700- 
4,000)  had  5.1  per  cent.,  while  above  5,000  feet  he  states  that  tho  disease 
disappears  entirely.  In  the  upper  Engadin  (5,000-6,000  feet),  and  at 
Davos  urn  riatz,,  phthisis  is  said  to  be  unknown  among  those  who  have 
always  lived  there.  Above  a  height  of  8,000  feet,  in  tho  Peruvian  Andes, 
phthisis  is  almost  unknown  among  natives  ;  while  in  the  coast  lands  in 
tho  same  country  it  is  common  and  rapidly  fatal.  In  the  simikr  climate 
of  the  Mexican  plateau,  in  20^-30'*  north  l&iitude,  immunity  is  fixed  at 
7,000  feet  by  Jourdonot. 

Nor  is  this  privilege  confined  to  the  natives  of  these  countries;  for 
many  most  extraordinary  cases  of  cure,  even  in  advanced  phthisis,  are  re- 
corded of  these  and  similar  regions,  and  the  statistics  of  invalids  sent  to 
them,  as  far  as  collected,  are  very  satisfactory. 

In  such  climates  as  these,  the  conditions  which  seem  to  be  of  most 
consequence  are  the  dryness,  the  low  atmospheric  pressure,  tho  clear  sky, 
and  the  equability.  Exposure  to  atmospheric  intluences  by  day  and 
night  can  be  endured  with  impunity,  in  our  dry  western  plains:  and  even 
in  Switzerland  the  patient  can  be  out  of  doors  a  great  deal  more  than 
would  be  possible  at  the  name  temperature  at  lower  levels.  As  regar<ls 
equability  (a  point  which  is  less  needful  to  the  invalid  tit  such  high  and 
dry  stations),  the  climate  of  Hanta  FiS  do  Bogota,  in  New  Granada,  at  tlio 
height  of  8,C48  feet,  would  seem  to  leave  nothing  to  be  desired,  being  59° 
F.  IQ  winter,  and  59.5'^  in  spring  and  summer.  The  much  colder  sani- 
taria of  the  Alps,  which  are  frequented  even  in  winter  by  phthisical 
patients,  will  illustrate  the  fact  that  absolute  warmth,  in  a  great  many 
cases,  is  not  essential  to  recovery;  probably  it  is  oven  detrimental  in 
many. 
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Dry  air  &nd  low  prossure  and  abundant  sunlight  lire  among  tlio  cU 

curative  elements  in  Ingh  altitudes;  but  to  these  mujit  be  added  ibe  b 

that  the  visitor  onjoys  a  freer  movemeut  of  air,  novel  exercise,  iDmtal  c 

t  hilaration.     In  brief,  tlic  effects  arc  those  of  stimulation;  and  they  afipt 

\  in  improved  digestion  and  san^ification,  and  an   increase  of  ma 

vigor. 

No  doubt  the  lower  atmospheric  pressure  is  of  great  importancew 
Indians  of  the  higher  Mexican  lands,  of  the  Peruvian  uplands,  and  t 
natives  of  certain  mountain -districts  in  India,  have  an  increased  rmpttU 
of  respiration  and  pulse,  and  an  enlarged  chest-capacity^  which  sceoitt 
bo  required  in  order  to  compensate  for  the  rarity  of  the  air.  A  rafnd  j 
crease  in  the  dimensions  of  the  chest  has  been  observed  in  phtbiati 
English  soldiers  sent  to  high  altitudes  in  the  Uimalayas.  Tbia 
most  striking  of  all  the  circumstances  counecled  with  high  sites. 

This  being  the  case,  how  can  we  explain  the  fact  that  most  0% 
results  have  been  obtained  in  phthisis  from  sea  -  voyages  ?  In  rcsf 
moisture  and  pressure,  the  conditions  aro  complotply  reversed,  Tb*  pbfa 
in  common  between  the  sea-voyage  and  the  Peruvian  plateau  ane:  ( 
equability,  the  abundance  of  sunlight,  and  fresh  air.  Both  must  be  call 
stimulating  in  their  effects;  both  act  powerfully  on  the  appetit«  * 
spirits;  but  thesG  ends  are  reached  by  different  routes.  It  inay  l*e  add 
that  a  sea-voyage  is  better  adapted  to  men  than  women;  that  ipravlfal 
or  change  is  a  disadvantage;  that  an  oceanic  inUuenee  is  to  be  pr 
to  a  mediterranean,  and  a  long  voyage  to  a  short  one. 

As  a  remarkable  instance  of  immunity  from  phthisis  at  a  low  lev 
the  country  of  the  Klt^his  Tartars  may  be  mentioned.  These  people  li 
on  a  stepiie,  a  hundred  feet  below  the  level  of  the  sea*,  thoy  camber 0 
million;  tlicir  life  is  nomadic,  and  their  diet  consists  largely  of  **koanufl 
or  fennentod  marc's  milk. 

In  further  illustration  of  the  variety  of  conditions  under  which  i 
provemcnt  in  phthisis  is  obtained,  the  following  statistics  are  given  in 
C.  T.  Williams: 


Sea-Toyagca  to  Anstralia,  America,  India,  Chian,  th« 

Cape,  aod  West  ladies 4A  wioten 

Very  diy  citoiates;  Euryptuid  Syria 36 

Cni>r  and  Nstal n 

Boatb  flf  Europe,  and  Medltcirauean  Dasio,  eto 153  patients 

Home IH 

M'aim  Atlantic  Ulondn.  Uadcira,  Tcncriffo.  St.  Helena, 

W.'i't  In-li-.* ;  70 

Calm  inoiitt  iiiioDd  t«mpcrato  dimatc— Pan,  Bagn<hrw| 
de  Uigorre 1  44 


PvsoBvrai 
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Moist,  warm,  equable  climates,  by  the  sea-side,  arc  decidedly  ' 
to  catarrl:al  complainta  of  the  lungs,  and  also  to  ihoao  of  thoj 
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tract.     In  all   forms  of  phthisis,  except  those  of  catarrhal  origin,  suck 
climates  arc  on  the  whole  injurious, 

HZATINO   AND   VkKTILATIOX. 

General  Remarks. 

For  rnasons  which  will  be  ob>-ious,  it  is  necessary  to  treat  those  sul>- 
jccts  together.  No  systflm  for  heating^  inhabited  rooms  is  admissible 
unless  it  includes  a  provision  for  a  liberal  supply  of  fresh  air;  and  it  wiJI 
be  our  object,  in  the  following  pages,  to  analyze  the  methods  by  which 
this  is  done,  and  to  point  out  wtiercin  some  of  the  most  popular  of  these 
nietiiods  are  defective. 

M'e  shall  here  consider  the  general  principles  of  the  subject,  atid  their 
application  to  the  case  of  dwelling-houses,  schools,  and  places  of  public 
assembly,  leaving  toother  sections  of  this  work  the  more  special  conditions 
which  exist  in  the  case  of  mines,  ships,  barracks,  hospitals,  and  work-rooms. 

DeMdtrata. — In  the  larger  part  of  the  countries  called  civilized,  man 
is  obliged  to  provide  for  himself  an  artificial  climate  during  several  months 
of  the  year.  We  find  a  good  deal  of  difference  of  opinion  as  to  what  this 
climate  ought  to  be,  among  those  who  enjoy  its  varied  conditions  ;  even 
science  tias  not  yel  s&id  its  last  word  in  respect  to  some  most  essential 
points.  The  following  rcquirumonts,  however^  may  be  regarded  as  indis- 
pensable: 

The  air  provided  should  he  originaliy  pure,  or  as  pure  as  is  possible 
under  given  circumstances.  In  many  houses  in  the  country,  exposure 
upon  a  high  site  to  fresh  winds  ensures  an  abundant  supply  of  good  air, 
wliich  cannot  easily  be  kept  from  entering,  even  by  the  process  of  stop- 
ping up  crafks  iu  windows  and  around  doors.  But  in  closely  built  places, 
and  in  spots  sheltered  by  liills  or  woods,  the  amount  of  air  which  enters 
a  house  will  be  lessened  by  the  diminished  pressure  of  the  wind.  In  cities 
tlierc  is  a  great  differenee  between  streets  lying  on  the  borders,  exposed 
to  storms,  and  those  nearer  the  centre,  where  the  air  is  coinparativcly 
stagnant.  In  the  Jatter  case  much  caro  should  he  given  to  the  choice  of 
a  p<:>int  for  admitting  pure  air.  Most  city  houses  in  our  climate  are 
warmed  by  furcnicea,  wliich  draw  their  supply  from  some  one  opening  in 
the  outer  wall  6f  the  house.  Very  often  this  point  is  chosen  as  low  as 
possible,  commonh*  on  a  level  with  the  ground,  where  the  air  is  apt  to  be 
more  or  less  fouled  by  dust,  or  by  exhatations  from  gutters,  sinks,  cess- 
(>ools,  or  streets.  A  close  yar<l,  scarcely  visited  by  the  sun  or  blown  into 
by  the  ^vind,  is  often  chosen  as  the  sourco  of  supply  uf  air.  All  these 
faults  may  be  avoided  by  foresight. 
I  "There  arc  great  variations  in  the  quality  of  air  in  difTcrent  cities, 
arising  from  density  of  population,  nature  of  fuel,  character  and  avoca- 
tions of  the  inhabitants;  and,  again,  from  climate,  prevailing  wiiuU,  and 
winils  at  the  time  of  observation,  hygrometric  condition,  normal  or  abnrtr- 
mal,  etc.;  but  after  the  dispersion  of  impurity  generated  In  atiy  particular 
locality,  the  purest  air  is  generally  found  at  from  G  to  40  feet,  the  most 
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impure  at  70  to  90  feet  above  the  level  of  the  ground,  with  a  grwlition 
rising  to  balloon  heiglits.  Over  any  free  or  open  places  in  a  city  the.  dis- 
persion of  local  impurities  is  the  more  completely  effected,  and  tho  utii- 
formity  of  condition  the  more  generally  obtained;  but  the  elevated  air  ii 
more  impure,  when  the  stratum  of  diffused  chimney  exhalatioiu  ia 
than  it  is  below." 

*'  Upon  a  still  day,  a  tower  would  manifestly  offer  little  adranla 
its  elevation  of  the  point  of  taking  the  air,  as  regards  its   purity, 
its  height  were  over  100,  and  perhaps  200  feet  or  more.** ' 

Perhaps  the  most  common  sources  of  impurity  In  the  houae^r 
found  in  the  cellars.  These  rooms  are  often  damp,  mouldy,  uovisittxl  hf 
sun  or  fresh  air;  tlioy  often  contain  the  family  stores  of  fuel  and  pro- 
visions, the  osh-hcap,  and  other  sources  of  dust  or  stench.  Many  ] 
calling  themselves  good  housekeepers  neglect  their  cellars: 
which  certainly  .tvould  not  continue  if  they  knew  the  extent  to  iv| 
the  air  from  cellars  tends  to  rise  into  the  rooms  above.  No  part  of  I 
house  should  be  kept  more  scrupulously  neat. 

Cellar-air  is  constantly  seeking  to  pass  into  the  rooms  above, 
passage  is  often  effected  through  unintended  openings  in  the  hol-a 
of  the  furnace.     The  duct  wliich  supplies  the  furnace  with  fresh  air  of 
has  open  scams.     The  crncks  around  tht*  cellar-door  furnish  another  rott|i 
And  finally,  after  excluding  all  such  obnous  means  of  passagv,  it  af 
that  air  has  a  strong  tendency  to  rise  from  any  room  in  a  house  to ' 
one  above  it,  regardless  of  doors  or  flues:  it  passes  in  groat  quaniiti» 
through  floors. 

The  existence  of  such  upward  currents  between   rooms  that  dol 
directly  communicate  ia  shown  in  the  experiments  of  Voit  »nd  Fori 
upon  the  moisture  of  the  air  of  school-rooms  in  Munich. 

In  a  school-house  of  four  stories,  they  selected  a  block  of  four  Tooiut 
of  equal  size,  one  above  the  other,  each  opening  upon  a  corridor  leading 
to  the  common  stair.  Analyses  of  the  air  m  these  rooms  showed  that  lb<> 
quantity  of  aqueous  vapor  increased  quite  rapidly  from  the  lowest  to  tbfr 
highest.  During  live  days  in  June  the  absolute  quantity  of  water  (in  ibf 
form  of  vapor)  per  cubic  metro  of  air  was  found  in  these  rooms, 
ning  at  the  lowest,  to  be  respectively  10.5, 11.6,  14.7,  and  17.9  grms.;; 
percentages  of  saturation  were  60,  71,  fi2,  and  04.  In  thiscH>urRC  of  ex 
nrents  the  rooms  were  closed.  The  only  sourtre  to  which  this  great  eij 
of  watery  vapor  can  be  traced  exists  in  the  breath  and  perspiration  o< 
scholars.  The  atmosphere  out  of  doors,  during  the  perioii  mcntio 
contained  on  an  averagn  only  10  grms.  to  the  cubic  metre,  and  ita  satnsir 
tion  was  only  GO  per  cent.  It  is  necessary  to  assume  th»l  an  upward 
current  of  air  existed  in  this  group  of  four  closed  rooms,  whicli, 
from  one  to  the  other,  received  from  each  an  additional  diarge  of 


'B.  Brgga:  Beport  on  tho  VeatUalioii  of  the  Hall  of  Bopresentotirva^^ 
Wash  in  ^on. 

^  Zeitschr.  f.  Biolofjie.  Xllt,  t. 
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il  at  the  top  of  the  house  the  amount  wag  jc^rcatnr  thnn  at  tbo 
bottom,  in  the  proportion  of  eight  to  five.  The  number  and  the  ages  of 
the  scholars  did  nut  greatly  differ  in  the  ruonm. 

Uf  the  air  which  lhu8  freely  and  conslanlly  passes  from  cellars  into 
upper  stories,  what  is  the  prubublc  source?  Il  seems  an  inadequate  and 
irrelevant  explanation  to  aaaume  (hat  the  exceax  of  water  and  carbonic 
acid  in  upper  stories  (in  the  above  experiment)  proceeds  sintpl^*  from  the 
process  of  dilTusion.  'I'he  conclusion  reached  by  Foraler,  in  another  article 
(Zeitschrift  fUr  Biologic,  XI.  Uand),  is  to  the  effect  that  much  air  enters 
through  tlic  soiL  *'  Currents  of  air  are  continually  pressing  into  our  dwell- 
ing-rooms from  the  soil  on  which  wc  live;  we  are  in  continual  and  direot 
comnuinication  with  tfie  soil  beneath  us  thn~>ugh  the  tncdiunt  of  tlto  air.'* 

Tiiese  remarks  arc  foundetl  upon  experiments  made  in  a  dwelling- 
house.  Forster  caused  a  large  quautity  of  must  to  be  placed  in  the  cellar 
of  the  house,  to  undergo  fermentation,  which  was  completed  in  a  very  few 
days,  heavily  charging-  the  air  of  the  cellar  with  carbonic  acid.  A  room 
on  the  groinid-lloor,  directly  over  the  cellar,  and  an  adjoining  entry,  were 
selected  for  analysis,  and  anotlicr  room  on  the  floor  above  with  its  entry. 
The  lirst  simultaneous  analysis  showed  a  percentage  (parts  in  100)  in  the 
ocUu,  at  the  floor,  of  3.049  carbonic  acid;  in  the  ground-floor  room,  cf 
0.163;  in  the  upiwr  story,  0.108.  On  the  next  day,  cellar,  0.823;  entry 
on  ground-floor,  0.1G.5;  in  upper  story,  0.072;  and  in  the  evening,  ftjler  u 
Jire  had  been  kept  for  some  time  burning  in  the  two  chambers,  tlic  con- 
tents of  the  latter  in  carbonic  acid  were  respectively  0.188  and  0.14S  per 
tx'nt.  The  rooms  had  previously  been  ain^d  out  thorouj^hly;  before  the 
analyses  were  taken  they  were  kept  closed  and  unoccupied  during  four 
boura.  It  thus  appeared  that  the  air  of  entirely  unoccupied  rooms,  con- 
taining no  sourccjs  of  carbonic  acid,  exhibited  the  presence  of  this  gas  in 
amounts  exceeding  three  and  five  times  the  normal  proportions;  that  the 
amount  was  greater  in  the  ground-floor  than  in  the  upper  room;  and  that 
an  increase,  similar  und  nearly  equal,  was  found  in  the  entries.  The  effect 
of  heating  the  chambers,  in  Increasing  the  percentage  of  CO„  was  also 
very  marked. 

No  point  in  domestic  economy  is  more  often  neglected  than  that  of 
absolute  neatness  in  the  cellar  story.  Tlie  necejtsity  of  such  neatness  ia 
perfectly  obvious,  in  the  case  of  a  house  warmed  by  a  furnace,  but  it 
equally  exists  in  houses  where  the  collar  Is  unprovided  with  this  apparatus. 
In  the  case  of  a  hospital,  it  is  proper  to  exclude  all  kinds  of  stores  from 
the  cellars;  nothing  but  fresh  air  should  be  kept  in  them.  In  the  case  of 
many  dwelling-houses,  public  halls,  churches,  and  schools,  It  is  thought 
proper  to  admit  air  from  the  cellar  to  the  furnace-box  in  very  cold  weather, 
with  a  view  to  economy.  In  a  dwelling-house  it  can  rarely  be  prudent  to 
do  this,  as  most  families  must  use  the  cellar  for  storing  provisions. 

The  opening  of  the  flue  for  supplying  frcah  air  to  tlic  furnace  should 
be  high  enough  from  the  groinid  to  be  out  of  the  reach  of  mischievous 
persons,  and  should  be  furnished  with  a  grating.     It  should  also  have  a 
slide  to  regulate  the  amount  admitted  in  high  winds. 
Vol.  L— *3 
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The  dust  entering  from  the  street  forms  a  great  nuisancw  in  fq 
heated  houses.  Most  of  it  can  be  kept  nut  hr  sifting.  This  rrmj^ 
effected  by  letting  the  air-tubo  end  in  a  very  long  bag  of  ootton-<*lot 
through  the  sides  of  which  thr-  air  slowly  [Misses  into  a  chamber  of  sappl 
communicating  with  the  liot-air  iiojc  of  the  fiirnaoe. 

Scharrath  has  made  trial  of  a  system  of  purifying  the  air,  which 
terms  Poreji-veiililaiion.     lo  this  method  the  nir  is  driven  by  merhami- 
force  through  the  pores  of  a  wall  of  brick  or  of  mortar,  which  of  oour 
intercepts  all  the  particles  of  dust.'     This  constitutes  simply  a  reinforc 
ment  of  the  natural  process  of  venlilation,  which  occurs  in  ev>       ! 
through  the  walls,  to  an  extent  unsuspected  hy  the  inmates.      > 
however,  seems  to  have  found  the  practical  difficulties  of  this  plan  t 
great,  and  has  substituted  fur  the  porous  wall  a  screen  of  gauxy  mateiii 
in  which  the  pores  occupy  less  space  than  the  fibres  of  the  stuff.     Sn 
screens  may  properly  find  a  very  geneml  application.      Few  lusurcw 
fresh  air  arc  so  free  from  dust,  or  "spores,"  or  carbon-flakes,  as  to  reod 
the  precaution  needless.     The  air  supplied  to  the  British  Houses  of  Paiti 
ment  is  filtered  through  a  screen,  besides  being  washed   by   a  spray 
water.     There  is  manufactured  in  this  country  "a  fibrous  material,  tna' 
strong  enough  for  hard  usage  by  means  of  brass  wires  and  a  fibre,  whii 
excludes  dust  and  still  admits  air  freely.**     For  ventilating  railroactri|| 
such  a  contrivance  is  most  desirable.  ^| 

It  is  of  course  desirable  to  maintain  an  equal  temperature  in  vanw 
parts  of  the  room;  and  for  this  purpose  it  is  far  better  to  intnxi.tm 
large  amount  of  air  at  a  moderate  temperature  than  a  smalt  quaniid^f 
great  hfial.  Altogether,  apart  from  the  need  of  fresh  air  for  breadQ 
it  will  be  found  that  rooms  where  the  air  is  comparatively  stagTiant  a 
apt  lo  be  excessively  healed  at  top  and  cold  at  the  floor.'  A  rapid  d 
culation  of  air  furnishes  the  best  remedy  for  this  very  common  evilj 
the  fresh  air  should  be  wartnod,  and  not  taken  directly  from  out  of  I 
as  is  the  case  in  rooms  heated  only  by  an  open  fire. 

The  air  furnished  by  Gallon's  stoves  is  heated  to  about  80'  F. 
water  stoves  (Df>gen)  do  not  heat  the  air  in  the  air-space  abovn 
(  =  113°  F.).  Morin  says  that  "  the  temperature  of  the  air  warmed  I 
hot-water  appai'atus  is  always  very  moderate:  it  is  even  diflioult  to  rwl 
it  above  10()°  or  llS**  with  large  radiating  surfaces.  In  this  respect  th 
method  of  heating  is  very  healthful,  provided  that  ample  ventilation  I 
maintained  in  addition.**  Bosc  states  the  proper  tem{M«raturo  of  ttw  ■ 
from  furnaces  at  30*  or,  at  most,  40*  (SC  and  104*  F.);  this  should  be  ol 
taincd,  if  necessary,  by  causing  the  air,  after  leaving  the  heating-sgrfafl 
to  pass  through  a  mixing-chamber,  where  any  desired   amount 


'  Deutsche  StrafrscbtaEeitan^,  1870. 

'  Button,  in  Caiuida,  nUtad  thiit  in  a  stove-heated  boeement-rooro,  over  a  < 
lar,  he  bns  (T«qiiuatl.v  veen  the  water  freeze  an  the  floor  when  the  teinpetaton  of  ti 
air  at  the  oeULog  wu  10(>',  and  bus  ufien  obeerved  a  differenco  of  <t'  tn  tte  atr  t 
every  foot  of  hiiii^ht  In  n  ttove-bented  scbuol-roum,  IS  feet  high,  which  waa  eapoti 
OQ  two  atdea  to  the  outer  air  at  Kcru  F. 
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&ir  may  bo  added.  Dcgen's  stAtnmcnt  is  almost  identical:  the  tompera- 
ture  of  the  air  introduced  into  a  room  from  u  oaiorifiire,  or  furnace,  seldom 
exceeds  40*  (104"  F.).  These  statements  are  certainly  not  correct  in 
respect  to  America,  where  one  of  the  commonest  complaints  is  that  of 
excessive  beat.  Aooordiug  to  Billings,  the  air  ia  usually  at  180°  V.  when 
it  enters  the  room. 

A  great  many  stoves  intended  for  warming  single  rooms  ore  very  objec- 
tionable on  account  of  the  excess  of  heat  imparted  to  the  air  («.  f/.y  '260°  F., 
and  392°  F.  in  the  case  of  certain  stoves  described  by  Morin).  There  is 
good  reason  for  supposing  that  air  is  injured  in  some  of  its  properties  by 
coming  in  contact  with  metal  surfaces  at  an  excessive  heal.  The  nature 
of  the  change  experienced  is  not  understood;  but  it  is  known  by  oxperi- 
ence  to  be  such  as  to  produce  in  those  breathing  the  air  very  uncomfort- 
able sensations,  as  headache,  oppression,  vertigo.  Three  considerations 
may  be  presented,  each  assisting  to  explain  the  fact. 

1.  The  air  contains  numerous  particles,  of  vegetable  or  animal  origin, 
■which  doubtless  undergo  combustion  when  brought  in  contact  with  sur- 
faces heated  to  several  hundred  degrees.  We  are  accustomed  to  say  that 
auch  air  has  a  "burnt  smell;"  and  we  recognize  something  injurious  to 
our  comfort.  The  presence  of  such  gases  as  originate  in  combustion  with- 
out flame,  whether  on  a  large  or  a  small  scale,  cannot  be  otherwise  than 
harmful  to  the  system,  and  a  tolerance  of  their  effects  is  hard  to  establish. 
It  may  be  further  said  that  such  combustion  may  be  expected  to  deprive 
the  air  entirely  of  its  ozone. 

2.  AVithin  afewyearsithasbecomoquitegenerally  known  that  cast-iron, 
heat«d  to  redness,  permits  a  large  amount  of  carbonic  oxide  gas  to  pass 
through  its  pores;  and  tliis  fact  has  given  rise  to  a  new  branch  of  indus- 
try, viz.,  the  manufacture  of  stoves  and  furnaces  of  wrought-iron,  which 
does  not  permit  of  such  passage,  and  which  possesses  the  additional  ad- 
vantage of  forming  light  joints. 

Doubt  has  been  thrown  upon  these  statements  by  some  reoeni:  rc- 
■earchcs  published  in  the  last  volume  of  the  Zeitschrift  fdr  Biologic.  The 
«Kap«  of  carbonic  oxide  by  the  poreH  of  iron  is  reasonablv  suspected  to 
be  of  far  I«ss  consequence  than  that  which  occurs  through  cracks  in  the 
joints  of  the  stove,  or  furnace,  or  flues.  Hence  a  real  advantage  in  UMng 
wrought-iron  with  air-tight  seams.  The  point  of  greatest  importance  is 
that  the  rapid  exit  of  aU  gases  of  combustion  should  not  be  checked 
in  any  way,  either  by  a  damper  in  the  smoke-flue,  or  by  a  cold  chimney, 
or  by  one  which  draws  irregularly. 

3.  Air  takoii  from  out  of  doors  and  warmed  for  the  house  becomes 
comparatively  dry.  Its  moisture  is  not  actually  burnt  up  by  contact  with 
the  furnace  (as  is  popularly  supposed):  but  its  capacity  for  moisture  is  so 
greatly  increased  by  being  heated  that  it  appears  to  be  very  dn,'.  Thus 
a  cubic  foot  of  air  at  32°  F.  contains  when  saturated  2.13  grains,  troy,  of 
water;  at  70",  its  eapacitv  for  water  is  7.9^  grains;  and  if  raised  from  3'2" 
to  70*,  without  addition  of  watery  vapor,  it  evidently  contains  only  37  per 
cent,  of  that  which  it  is  capable  of  holding.     This  dryness  is  almost  uni- 
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Tcnalty  considered  prejudicial  to  health;  bat  oar  iie«s  miZ.  pnx 
to  undergo  some  modification  upon  thi«  point.  Everr  ^cv 
true,  ouf^lit  to  be  provided  with  an  arrmngvinefit  for  eTaprmi 
Kxperienco  showH  that  the  reault  is  both  agreemble  aad  te-ne£r. 
is  by  DO  means  necessary  that  the  air  shoald  contain  from  v: 
cent,  of  its  saturation-amount  of  wat«r,  thoo^  this  is  req^rcd  t 
authorities.'  The  evaporation  of  so  lar;ge  an  amoont  aa  voald  b 
in  our  climate,  would  necessitate  large  and  expenaiTe  famacea 
surfaces.  A  moderate  amount  of  evaporatioa  mocli  improTC] 
perhaps  owing  to  the  production  of  ozoae  in  the  pvooeaa. 

Surgeon  John  S.  Billings,  U.S.A.,  spealu  of  this  point  aa  fc 

'*  In  rooms  heated  by  warm,  dry  air,  the  sensations  of  diaoon 
many  persona  experience,  such  aa  headache,  etc^  may  be  rdUe 
addition  of  a  small  quantity  of  moisture  to  the  air,  for  instance, 
per  cent. 

"  At  first  sight  this  would  seem  to  prove  that  the  onoomfo 
sations  were  duo  to  absence  of  moisture;  but  nearly  the  same 
vaporization  is  desirable  in  air  heated  from  any  temperature, 
foro  varying  greatly  in  the  absolute  percentage  of  moiAtuj 
contains.  Moreover,  in  very  dry  and  warm  climates,  aacfa 
Arizona,  these  uneasy  sensations  are  not  present. 

"  It  seems  to  mo  probable  that  in  the  majority  of  persons  t 
tions  are  duo  to  insufficient  supply  of  fresh  air,  rather  than 
moisture,  and  that  the  effects  of  vaporization   in  relieving  tb< 
part  at  least,  bo  explained  as  follows : 

"  In  a  room  heated  by  hot  air  from  a  furnace,  or  set  of  stean 
all  the  fresh  air  for  the  chamber  usually  passes  over  the  heate 
and  enters  the  room  at  an  average  temperature  of  180**  F.  If  tl 
of  fn-sh  air  n-(]uirorJ  for  satisfactory  ventilation  he  admitted  i 
piTJitiirc,  till-  rodin  sorin  \ •(:(•' yfjn-s  uiicndurHbly  hot,  and  to  p 
tin-  aiiiimiit  (if  inc'oniiiif^  air  is  diiuinishud  by  jiartially  or  t-ntii 
tli((  n-^'isicr. 

"  Now,  if  in  front  of  the  register  be  suspended  a  porous  ear 
<-i>riljiiiiiii^  \\ater,  or  wetted  eloths,  or  a  larjje  sj>onpe  saturated 
rupiii  \.ip(iiization  is  the  result;  and  a  lar^e  amount  of  heat  i; 
to  cfT^-it  lliis. 

"  Tin-  result  is  that  the  incominp;'  air  is  cooled,  and  a  r 
quantity  can  he  admitted  without  discomfort.  In  rooms  an 
heated  l.y  direct  ra<iiatiiig  surfaces  aiieh  as  atcam-coils,  this 
discotiifort  is  very  common,  and  is  mainly  due,  I  think,  to  the 
ventilation  vvlii(;h  is  usually  found  in  such  plaees. 

*'  I  have  never  myself  found  it  to  occur  in  rooms  having' an 
ply  of  air  at  a  propter  teniperaturo,  however  dry  the  air  may  i 

*  Wolpert  and  IVcIot  otato  TiO  prr  cent,  of  rolativo  humidity  as  the  ma 

inir  and  Parkt^fl  about  75  per  cftnt. 

'  Johiu  IIo)ikiiu  llonpitul :   Report  oa  Uealiog  and  Ventilation. 
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but  Mr.  Briggs '  an<l  othors  stato  that  thoy  havo  so  found  it,  and  under 
audi  circumstances  I  ran  suggest  no  satisfactory  cxplan.itiou." 

Dr.  Cowlcs,  in  an  artlclt;  upon  Ibe  ventilation  of  tbe  Uiieton  City  llos- 
l>ital,  published  in  the  Report  of  the  Massaohusetta  Board  of  Health  for 
1879,  confirms  Billings*  statomcnts  in  roforcnce  to  the  effect  of  dryness  of 
air.     He  says: 

"  I  believe  tliat  no  discomfort  has  been  felt,  or  ill  efTects  ]>roduce(], 
from  the  low  relative  humidity  [of  the  air  of  the  ward  tested],  even  on 
the  occasions  when  there  was  only  6ftcen  to  twenty-one  per  cent,  of  satu- 
ration. According  to  Do  Cliaumont,  so  great  dryness  is  inconsistent  wilh 
a  healthful  condition  of  the  atmoaphero.  Certainly,  in  this  ward,  there 
is  uniformly  observed  a  remarkable  absence  of  complaint  of  any  kind  that 
ran  be  ascribed  to  the  condition  of  the  air;  and  a  peculiar  feeling  of  its 
freshness  and  purity  is  frequrntly  sprjken  of  by  those  who  enter  the  room." 

It  has  been  observed  that  air,  which  has  been  oliarged  with  vapor  in 
the  furnace-box,  is  comfortable  at  a  lower  temperature  than  dry  air^  and, 
conversely,  very  dry  air  must  be  heated  several  degrees  higher  titan  moist 
air  in  order  to  produce  a  given  sensible  effect  of  warmth,  lljion  these 
facta  the  American  demand  for  high  temperature  may  depend.  A  few  ob- 
servations upon  this  point  may  be  hero  made.  1.  Moist  air,  in  virtue  of 
the  contained  vapor,  has  a  greater  napnrity  for  heat  than  dry  air.  This 
increases  its  sensible  coolness  at  a  given  temperature.  2.  Moist  air  inter- 
feres greatly  with  the  radiation  of  heat  from  the  body.  3.  In  moist  nir 
the  quantity  of  water  that  can  be  evaporated  from  the  surface  of  the  body 
is  lessened.  4.  The  second  and  third  elements  preponderating,  give  to 
moist  air  a  greater  sensible  wannth  than  to  dry  air  of  the  same  tempera- 
ture. 5.  This  is  nnxlified  by  the  motion  of  the  air.  In  a  moist  rcOtd 
the  abstraction  of  heat  is  pn)  port  ion  ably  increased;  while  in  a  utiU  piace^ 
as  a  crowded,  unventilatcd  chamber,  the  absorbed  heat  is  not  carried  out 
by  removal  of  the  air,  and  produces  great  discomfort.  The  perspiration  and 
the  vapor  from  the  lungs  assist  in  producing  this  effeot;  the  air  soon  be- 
comes nearly  saturated  with  vapor,  unless  it  is  removed  by  ventilation; 
escape  of  heat  from  the  body  by  radiattun  is  rendered  very  diflicult,  and, 
in  addition,  every  person  is  surrounded  by  a  ring  of  bodies  giving  out 
equal  heat.  6.  Whether  a  given  warm  dry  air  subtracts  more  heat  than 
a  given  cooler  and  moister  air,  is  a  problem  to  be  calculated  for  each  case 
separately.  As  above  noticed,  a  verj-  moist  wind  is  chilling,  a  very  moist 
still  air  is  stifling,  and  prevents  escape  of  heat  from  our  bodies. 

Some  remarks  by  Robert  Briggs  *  are  hero  in  place: 

"The  effects  of  a  nearly  saturated  atmosphere  differ  with  the  lem* 
peraturo  altogether.  Such  an  atmosphere  at  from  35*  to  50*  is  found  to 
be  intolerably  chilly;  and  though  evaporation  may  be  checked,  and  this 
loss  of  heat  be  removed,  yet  the  conductive 'and  radiating  value  of  the 


'  On  the  Relation  of  Bfotsturo  tn  the  Ahr  to  Hesltb  aad  Gomfort^  Joanul  of  Uitt 
Franklin  ItiBLitute,  Janubry  and  Febmarj.  1876. 

*  Relation  of  Uoiitore  in  the  Air  tp  Health  and  Comfort. 
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Tftpur  in  tbft  air  »  no«  elrtmi^^l  *fia««Mtalj.*  iTW  ■■ifiiii  «<  lb*  W 
iu  ft  mtcty,  cold  sir,  ia  cfaiiled  br  direct  iiriwrt  with  tk»  mk,  ■  iW  m 
wajr  M  if  it  w«Te  in  conuct  wil^  wmC  ■lofhi,)  t 

**  Vtming  apw&nb  in  Lbe  aode  at  tampamtur^  iram.  50*  tmiff\ 
potnttif  n(|uiH>iriutii  of  enoGnf  sctioa  t^ ooaJaslaBV  crndKtMa mC va 
in  tlie  ftir,  will]  tupptj  ot  hamX  from  f^Bcfcad  evapmtioa  of  ik  ikii 
lungs,  .  .  .  ««eiiw  lo  be  raadied.'*  ,  .  , 

"  Trom  Oa*  tn  )l(r,  ■  aftttarftteil  ■liiiu«|iliw  m  w^ikrj  aa4  appiBa 
Tbe  »ttrf4ujAge  itl  beateuuiot  bo  nonvad  hf  ■oilyt.Uutt;  ttti  AeaM 
effort  ul  t)ie  mjtAiaa  vk  to  pmdoc*  rvapormtioo.**  (L««*it*4*  of  dn  4 
rliticm,  u  eoDtnul«d  with  ihv  ctiraolajit  •fleet  of  tlw  mir  at  4V* 
TBobt  EkigUih  climattn) 

**  W«  bav«  in  tbe  Nnrtbeni  UnitMi  Sut«a  abottt  €v* 
year  wbcu  tli«  li'iDp*'Talara  raogoa  fmoi  0*  to  M'^,  Aad, 
oar  ftivi  Hied  amcatioas  demaxul  a/ti&cial  beatpy.  The  wixrtcrdfaari 
llie  Eaateni,  Middle,  and  Nortbam  Si»i«a  ia  one  of  gT«*t  vkiHitttdtts' 
«9Elf«Bea,  boCb  of  iKfaperatan*  and  of  hyifrofDeCrie  nHortitifuwi,  foBoi 
each  otlier  nfudly.  In  tbe  \orthwMt«ra  Slater  it  — o^ua  iImK  a  a 
ttliat  |fr«tat«r  uuifonnity  of  iMnperatarK,  and  a  murh  mare  uufoni 
ytoowtij  »&bu  during  tb«  vinter  mc'iitka;  but  in  ibv  Mitidlt^Wi^ 
SUiM  tiie  irTVfftiJariticai  appear  to  be  aa  fr«qta«nt  aa  in  th«  Ea^teni  St 
Esteept  tbat  tl»e  leogtb  of  tb«  winter  aoaaon  ia  a  little  cat  abort,  amJ 
mwcuiJTn  oold  i>  a  UttJf^  allerialed,  fin  tbe  •oathcm  portirm  of  tbe  fa« 
ticmnlnr  I  havp  deitt^aln),  much  lbe  sane  |tbeiii>fut'tw  of  rlini&leetil 
Ihraujrb  Uie  ^Utea  iturth  iif  tbe  40Ui  panllel  of  latitude.  Tbi«i|| 
thia  tiMritcirr  it  ban  becoioe  m^ifn^izefl  that  th«^  muumtiin  tempwatia 
Limifnrt  for  lif^aU'^l  and  venlUalt^  rtiocna  can  bo  atated  nt  "id',  witb  m 
mittfsl,  and  i^encrally  »uppoeod  iticxplicable,  if  not  tii»rea4otiabk,  4m 
(or  l^'t"  ttt  TH'  ill  iMjm»*  Jimftliti***  mnil  ur  sum^  limea.'* 

Thl»  ivriiTT  Lft  dJHpuat.'tJ  t<i  lay  \*:rf  grest  weig'ht  on  the  faygrom 
condlticirt  nf  iJir  air  ia  thif  l-flitt'd  Stales  aj  a  cause  of  this  deaint 
high  tcmiMTdl  lire,  It  i«  right,  however,  thai,  in  considerin|^  thU  1 
(which  IB  undoubtedly  a  rval  one),  wc  should  al»o  rc-tnember  thai 
Amf-ricanx  utv  dph'oato  by  habit;  and  that^  wben  first  established  in 
laiiid^  un  Atiirricaii  vinitor  cnniplairiji  of  the  temperature  which  auitj 
Kng^liKhr  A  (iiTiDun  in  Kii^'-lq.nJ  makrA  the  same  cotaplsitit,  Furihi 
may  hu  ftU|f)jfi»_)»t<Ml  thiit  a  Juwer  temperature  would  be  found  cDfofor 
II)  a  liQiiiM',  if  till?  walis  w<?re  made  ihickef  atid  tbe  iwindows  doubl« 
our  jwrinations  depcjnd  largely  on  the  t*^rnperature  of  the  walls,  raithef 
on  tfiat  uf  the  air  we  are  in.  And  in  Atiicncan  cities,  ]ier-»onjs  3C(Tu>it< 
to  beitijg  oul  i>r  dDOfJi,  atid  youn^  persons,  arc  apt  to  suffer  from  tfafr 
vailio}^  taftte  <or  hot  rooms  (especiaiiy  marked  among-  the  aged),  ju 
a  Hi  wly  ur^iv(^d  ICn^rlighniad  suffers, 

TJn"  watery  frtrif-rits  of  the  air  of  a  room  often  condense  on  the 
down,  and  rvni  nu  metal,  ceiling,  or  roofs,  causing  in  some  cases  sei 
dariTugts  tu  boolis  or  other  property.  A  double  window  may  remedy 
tioiiMo  to  a  great  extent.     In  the  case  of  a  glass  roof,  the  same  mi 


is  at  hand;  but  the  spac^  between  the  two  glaxcd  surfaces  wiH  have  to  be 
warmed  by  an  apparatus  specially  intended  for  it.  This  trouble!K)m& 
necessity  is  much  less  common  in  the  United  States  than  in  Europe.  Thct 
writer  is  a.cqaainted  with  one  instance,  tliat  of  tlie  State  Lil>rary  in  Bos- 
ton, where  the  roof  dripped  with  condensed  moisture,  and  the  windows 
k&d  to  be  provided  with  gutters  on  the  inside.  Thiji  condition  was  partly 
due  to  th«  constant  escapi:  uf  vapor  from  the  heating-apparatus^  throug^h 
a  leak  desigiiedJy  left  unclosed;  it  has  been  remedied,  us  regards  a  part> 
by  shoathing  the  copper  roof  with  a,  wooden  ceiling. 

The  Um/jcraturc  of  the  air  introduced  for  the  consumption  of  a  house- 
hold ought,  in  uiild  cliinuleis,  to  be  neiurly  the  same  as  that  dusired  iti 
the  roonas.  In  cold  climates,  like  those  of  New  England  or  North  Ger- 
many,  the  loss  of  heat  from  the  walls,  roof,  and  windows  produces  so 
rapid  a  cooling  within,  that  a  much  higher  temperature  is  required.  This 
cooling,  again,  h  largely  dependent  on  the  material  of  the  walls  and  their 
thickness,  tlic  presence  of  numerous  single  windows,  and,  still  more,  upon 
the  force  with  wbieh  the  wind  strikes  the  side  of  the  house.  "If  tho 
room  has  large  glass  surfaces  whicli  poo!  the  air,  if  there  are  not  many  oc- 
cupantH  or  Itglits,  the  fresh  air  sliould  be  wanner,  and  Ua  tf-tnpt.-ralurt^  may 
be  as  much  as  845**  or  95**."    (Monii.) 

To  ilhistrate  the  cooling  effect  of  glass,  let  us  take  the  statement  of 
Mr.  Hood,'  who  shows  that  one  square  foot  of  glass  will  cool  1.270  cubic 
feet  of  air  a.s^nany  degrees  per  minute  as  the  internal  air  exceeds  the  ex- 
ternal in  temperature,  Sujipose  tho  thennometer  to  stand  outside  at  15", 
inside  at  G5*  =  a  difference  of  50**.  The  room,  of  ordinary  sixe,  may 
contain  3,000  cubic  feet  of  air,  and  have  two  windows,  with  a  surface  of 
gltia  equal  to  30  feet.  The  cooling  ofTcct  produced  will  be  equal  to  lower- 
ing the  temperature  of  1.270  feet  of  air,  In  one  minute,  50  X  30  degrees; 
or  one  foot  of  air  1.U70  x  50  x  30  degrees  =  1018.5".  If  occupied  by  six 
persons,  the  air  of  the  room  should  be  renewed  at  least  once  in  fifteen 
minutes,  during  which  period  the  total  cooling  effect  will  equal  1918.5"  x 
15  =  28,777.5'',  which,  when  divided  among  3,000  cubic  feet,  represents 
a  constant  lowering  of  temperature  in  the  general  atmosphere  of  tho  room, 
equal  to  0.5^. 

As  regards  tho  tomi>erature  most  suitable  for  rooms,  tho  following  state- 
ments represent  the  existing  differences  of  opinion  among  scientific  men: 

Normal  temperature  of  public  school-rooms  in  Munich,'  15"  H.  = 
18.75!  C.  =  G5.75"  R 

In  the  schools  of  Vienna,*  "14°  R.  is  regarded  as  tlio  correct  height 
of  the  thermometer"  =  03.5"  F. 

A  temperature  of  14°  R.  is  "  quite  comfortably  warm  in  winter,  after 
the  walls  of  the  house  have  been  thoroughly  warmed."*  Pettenkofer 
aays  that  14*  R.  is  "  sehr  behaglich  warm  " — very  comfortable. 

'  Wazmiag  and  Veiitilatioo. 

*  Voit  and  Forstet. 
■  Bcr.  iiberoeteiT.  UuterricbtswMea  (£zpusitioa  of  1873},  Paztll.,  p.  579. 

•  Oeipel,  1.  c 
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The  hall  of  the  orfeohc  o£  St.  Ambroso,'  Paris,  was  heated  to  16* 
60.8"  F. 

Morin'  gives  the  following  table  : 

"In  well-ventilated  pUocs,  with  a  oonBtant  oliang^  of  air,  higher  1 
peratures  can  be  easily  borno,  and  oven  be  found  pleasant,  than  tho»c ' 
would  be  found  oppressive  where  the  air  is  not  ciian^ed.      Nevertli« 
the  internal  temperature  should  not  bo  kept  above  the  following  paiq 

"Nurseries,  asylums,  and  schools 59* 

Workshops,  barracks,  prisons 59' 

Hospitals Gl-64* 

Theatres,  cafva,  leciure-halls,  etc 66-08*  ** 

The  interior  of  the  church  of  Satnt-Roch,  in  Paris,  was  raised  to  th« 
temperature  of  Iti'  (1G°  U,  =  GH'  F.);  it  even  rose  above  18*  dfaoM 
crowded  services  on  Sunday.  "  This  temperature  "  (TS^OO").  says  P^^f 
*' is  insupportable  in  a  place  where  people  sit  in  their  oiit«r  garment*. 
aiici  itmiiy  of  the  congregation  were  obliged  to  leave  I  his  church.*'  As 
American  congregation  would  not  have  been  greatlv  atinoyed  by  ^M 
heat.  ^ 

In  the  quarters  of  the  caUeta  of  the  Davarian  army  the  temj>rrmtnre  u 
ordered  not  to  fall  below  14'  R.  uor  rise  above  1G°  in  winter  (^  G3.5*— 
08*  F.).' 

The  Department  of  Religion  and  Instruction  in  Wdrtemberg, 
date  of  December,  1B70,  orders  that**  the  temperature  tn  each 
room,  during  the  enlire  session,  at  the  height  of  [suy  4  to  5  feet] 
the  floor,  must  not  exceed   llj°  IX.,  as  a  rule,  and  should  lie  rather 
than  higher,  but  must  not  fall  l>elow  13'  R."  [rcsi>eccively  GS^  and  $i 
F.].     The  8ttme  mngo  is  prescribed  in  the  public  schools  of  Saxony. 

The  average  temperature  of  the  air  at  the  head  of  the  betls  in  the  new 
aui^cal  ward  ut  the  jioston  City  Hospital,  taken  at  7  a.>i.,  S  v.u.^  »^M 
P.M.,  for  a  week,  was  (iS.S**  F.;  the  air  was  considered  eminently  aalil^| 
tory.  Five  observations  upon  tlie  humidity  of  the  ward,  at  various  daHE 
in  and  about  the  same  period,  gave  percentages  uf  Aaturation  =  2],  t^ 
27,  4fl,  23. 

Sui^;eon  D.  L.  Huntington,  in  reporting  upon  the  Barnes  Hoapita^ 
the  Old  Soldiers^  Home  at  Washington,  says  that  a  "  pleasant,  oven  ^| 
])eraturc  of  about  70° ""  is  maintained  in  the  wards.  ^H 

H.  I.  Bowditch,  in  the  Fifth  Report  of  the  Maosaohusptts  Boarvl 
Health,  says  that  "in  the  sitting-room  the  air  should  not  be  above  7^  T^ 
nor  below  68°;  70',  the  medium,  is  the  best.** 

There  .^cems,  therefore,  to  exist  in  America  n  ]>referenoe  for  oooauliiC>: 
ahly  higlier  tompcmturns  than  arc  desired  in  Knglanil  or  on  the  Cont 
This  may  liave  various  explanations.    A  very  variable  climate,  trith 
dant  means  for  paying  for  fuel,  induces  oa  to  heat  our  houses  const 

*  Degen,  op.  oib,  p.  05.  ■  Bmitluwaian  Bopon.  1071 

'  Rolfa  und  Lex,  op^  ott.,  p.  106. 
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at  a  rate  which  is  only  suitable  in  the  coldost  woathor.  A  duddon  rise  of 
temperature  from  10*  to  40'  or  SO''  F.  is  of  frequent  occurrence  in  many 
parts  of  the  United  States  during  the  winter;  the  effect  of  whicli  is  that 
the  house  is  rapidly  ovef-hcated,  and  those  who  inhabit  it  have  to  suffer  for 
a  n-Iiile.  These  changes  predispose  to  delicacy  of  tJie  skin  and  mucous 
membranes,  and,  taken  in  connection  with  our  habits  uf  keeping  in-dours, 
jfo  far  to  account  for  the  national  Hkinj^  for  a  hi|rh  temperature.  The 
remedy  for  this  abnormal  condition  may  be  found  in  the  systematic  train- 
ing of  children  to  s{>cnd  long  hours  in  the  open  air  and  in  the  regulation 
of  school- habits.  It  is  perfectly  feasible  for  an  American  family,  living 
in  a  very  changeable  climate,  with  young  children,  to  accustom  itself  to  a 
temperature  of  about  60°-05*  F.  Several  such  cases  are  known  to  me, 
one  of  which  I  will  mention  particularly.  The  writer  quoted  is  Arthur 
H.  Nichols,  M.D.,  of  Boston: 

*'  As  regards  your  inquirj',  we  have  continued  to  maintain  a  tempera- 
ture of  oS'-GO"  within  our  house,  and  with  the  very  best  results,  and  1 
would  on  no  account  be  induced  to  go  back  to  the  high  temperature  of  G8**- 
70°,  usually  thought  necessary  in  winter.  Children  thrive  under  these 
conditions  from  the  outset;  but  adults,  especially  those  witli  whom  tlui 
circulation  has  become  somewhat  sluggish,  usually  require  warmer  clothing 
than  if  the  temperature  were  higher.  Among  the  advantages  of  this  lower 
in-door  temperature  arc,  iirst,  the  body  is  hardened  and  tone  is  imparted 
to  the  whole  superficial  integument;  henoe  the  system  is  8ubj<;*cted  to  .i 
less  severe  shock  tn  going  into  the  open  air,  and  the  constitution  being 
less  susceptible  to  the  influence  of  cold  nnd  atmospheric  changes,  less 
clothing  is  required  when  out  of  doors,  and  the  numerous  petty  ailments 
attributable  to  the  effect  of  suddftn  'colds*  (sore  throat,  acute  nasal  or 
bronchial  catarrh,  catarrh  of  llie  frontal  sinuses,  acute  rheumatism,  etc., 
etc.),  which  are  commonly  regarded  as  inevitable  concomitants  of  the 
winter  campaign,  are  absolutely  and  finally  dono  away  with.  A  low  tem- 
perature stimulates  the  appetite,  whereas  a  relatively  warm  air  tends  to 
derangement  of  the  digc&live  functions  and  impaired  nutrition. 

"To  avoid  subjecting  my  own  children  to  the  insanitary  conditions  of 
school-rooms,  I  have  l>een  obliged  to  establish  a  school  for  twelve  children 
in  my  own  house.  The  school-room  is  necessarily  rather  small  and  low- 
studded,  but,  being  furnished  with  a  capacious  open  fireplace,  the  air  never 
becomes  perceptibly  contaminated,  and  there  has  never  been  any  com- 
plaint of  coldness  on  the  part  of  the  children. 

"  1  am  of  opinion  that  the  system  is  better  prepared  for  sustaining  a 
hiw  temperatUD'  witiiin  doors  by  the  habitual  indulgence  in  a  bath  of 
cold  water  in  the  morning."  It  is  added  that  *' when  children  come  in 
with  wet  feet,  an  immediate  change  of  socks  and  shoes  is  requisite,  the 
iqore  so  because  in  a  cold  house  the  feet  would  otherwise  with  difliouHy 
bocomc  warm.  The  above  views  are  the  result  of  an  experience  of  ten 
years." 
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ArrABATus  foe  Heatiso. 

An  absolute  requisite  ia  respect  to  an  upparatus  for  heating  is  tbfttil 
should  deliver  an  abundance  of  air  of  the  best  quality  free  from  cont^fl 
ination.     A  moderate    tL-in|>eratiire,   usually    implying'   a    large  beati^P 
surface,  is  a  desirable  point.     Capacity  for  powerful  action  on  \ery  cold 
days  is  necessary  in  our  oHrnate;  capacity  for  diminished  action  is  rerr 
much  to  be  wished  for.     Safety  against  fire,  economy,  simplicity,  fac 
of  application  to  varying  conditions,  rapidity  of  action — all  require  atl 
tion  in  the  pages  to  follow,  in  which  the  subject  will  bo  divided  under  1 
heads :     Chimneys,  Fir«»placea,   Stoves,    Furnaces,    Steam-heating,    HoV- 
water  Apparatus. 


8  Terr 

scild^ 


77ie  Chimney. 

This  structure  is  composed  of  a  sA<^,  a  c<^,  and  a  thrOOL 

The  shaft,  or  main  body,  is  usually  of  masonnr,  and  henoe  assn 
sqaare,  or  nearly  square,  shape  in  transverse  section.     If  masonry  be 
the  section  should  not  be  in  the  form  of  an  elon^te<l  parallelc 
Such  a  form  exposes  the  contents  at  tiie  sides  of  the  chimney  to  a  | 
cooling  action,  which  assists  to  form  columns  of  desc«nding  smoke, 
stjuare  a[>erturc  ia  less  objectionable,     A  round  section,  however,  is 
tainly  best, as  cquailizing  the  current, and  reducing  friction  toa  minin 
Such   chimneys  may  be  made   by  placing  coininini   glazed   eorthen-f 
within  a  sfjuarc  brick  chimney;  the  triangular  spaces  left  at  the  four 
nors  may  be  utiliaod  for  water  or  gas-pipes.     Morin  has  given  figures  dt 
moulded  bricks  or  tiles,  such  as  are  used  in  building  cylindrical  ahafu  Ui 
Paris,  but  it  is  unnecessary  to  insert  them. 

The  transverse  section  remains  the  same  throughout  the  abaft  in  most 
domestic  chimneys.     In  some  special  cases  there  may  be  advant 
enlarging  the  sixe  toward  the  top. 

The  sixe  of  the  shaft  may  easily  be  calculated  from  iJic  quantit] 
air  expected  to  pass  and  the  velocity.     The   latter  should  not  exc«cd  i 
metres  per  second  (say  f)^  feet);  an  exeessivt-Iy  rapid  discharge  ts  wast^ 
ful  of  heat.     The  quantity  to  be  dischart;ed  may  be  assumed  aa  eqv 
live  times  the  cubic  contents  of  the  room  to  be  heated,  in   the  vase  < 
open  fire;  under  other  circumstances  it  varies  very  much. 

The  cap  is  designed  to  fulfil  two  objects:  protection  against  wind  i 
rain,  and  assistance  to  the  draft.     The  former  nbjr>ot   is  attained 
grt^at  variety  of  ways;  the  latter  is  perhaps  not  attained  at  all  in 
ilirect  sense. 

If  the  chimney  is  built  square  ur  oblong,  or  even  if  cylindrical  in  i 
tion,  a  symmetrical  narrowing  at  its  top  (mic  Pig.  1)  will  help  to  pnivl 
the  irregular  descent  of  cold  air,  especiaJly  when  the  fire  is  low ;  and  sufl 
constriction  is  quite  commonly  found.'     Other  appliances,  in  great  numjj 
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'  A  Tcloeitjof  3  metrei  at  the  <^nioaj-cap  is  tuoally  sjumni^d  u  enfficietit  tv  ■] 
off  th«  snioke ;  this  rat«  is  jery  undeeirabLeiatbe  bodj  of  the  dumne^,  where  :!  m«u«i 
•bould  not  be  exoeetled.     (Di^^. ) 


Pia  I. — SMtkni  of  ohimney^  ahow- 
iug  Mjusl  calibre  of  Kluft  Knd  ooa* 
Btriction  of  cap  aatj  tlixoftt 


Pig.  3.  — Two  inctlicidB  of  protecting  A 
fine  against  the  (intnuiceuf  wiiid.   (P«fllet] 


pleut  devices  consists  in  covering  the  top  with  a  plain  flat  roof,  and  piero- 
ing  its  sides  just  below  with  upright  oblong  boles  (Fig.  2).     Fig.  3  gives. 


Fio.  4— Van  Noorden's  ohimney-oi^ 

in  one  view,  two  modes  of  closing  the  cap.     Fig.  4  shows,  in  a  modified 
form,  one  of  the  most  widely  applied  [irinciples.     The  cylindrical  tulie  of 
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the  flue  ta  furnished  with  a  collar  of  metal,  slanting-  rlownward 
ward;  and  above  this,  &.(  a  suitable  distance,  is  Hxcd  a  cover,  which  d 
rain  and  prevents  the  entrance  of  downward 
rents.  This  upper  piece  i»  usually  Bat,  and  m 
no  purpose  except  tlic  interception  of  rain  and  di 
Gurrenta  of  wind.  In  the  form  here  given,  it  u 
licved  that  the  lateral  blasts  of  wind  are  neutraU 
or  even  made  useful  in  prouioling  the  draugli 
the  chimney*.  The  effoctfi  of  inclined  Kurfacec 
ofton  paradoxical.  In  some  niodeU.  as  in  Pij 
the  breath  dlreutud  perpondicularlv  flcwn  ujion 
eap,  or  horizontally,  will  cause  a  rapid  aacen 
the  air  in  the  tube.  Notbini?  would  scom  n 
desirable  than  such  a  result;  but,  in  point  of  i 
it  is  very  quostionnbU*  if  it  is  really  attained  in  w 
ing  chimneys.  We  can  be  sure  of  protection  agi 
descent  of  wind,  but  cannot  positively  state 
the  draught  is  auf:;mented  by  any  form  of  tfaeM* 
that  has  yet  been  tested. 

The  8win|ring-cap  (Fig.  6)  is  represented  aa 

oted  at    a  single   point.      In  calm   weather   it  U 

the  position  indicated  by  the  shaded  design;  n 

the  wind  blows  from  the  right  to  the  left,  its  position  ia  gtvea^| 

dotted  lines.  ^^ 

Fig.  7  gives  another  movable  cap.     The  vane  keeps  it  always  potf 

so  as  to  receive  the  wind  in  its  tunnel*shai>ed  expansion  (at  the  left  of 


Flft.    Q— Section    of 

Uit. 


Pie.  &~Swin£iQg-eftp.    (Bo«o,  PteUt.) 


yto.  T.— Cftp  to  aowltfaU  ( 
flu*.     (P««lrt.t 


cut).     This  wind  leaves  the  nose  of  the  tunnel  in  a  jrt  which,  in  rtB ' 
lion,  exercises  an  influetic*^  nf  tmi-iinn  iipnn   iho  !nirnjnniitri.r  rolu 
air  in  the  flue. 

7%!  throat  of  a  chimney  is  the  portion  leading  to  the  tirej 
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made  quito  narrow  to  insure  against  the  occurrence  of  back-draughts  and 
ibeescapeof  iinwurnieil  air  inin  the  shaft.  Speaking  generally,  the  velcKiitV' 
of  the  air  passing  through  the  cup  or  the  tiiroal,  though,  <jf  course,  not 
constant,  may  be  calculated  at  three  irtutrus  (aay  ton  feet)  per  second. 

The  purposes  of  a  chimney  arc  two,  viz.:  1,  to  remove  the  products  of 
oomhustion;  2,  to  assist  in  ventilation.  A  chimney  may  be  built  fur 
either  purpoae,  or  may  effect  both  at  once. 

The  column  of  air  contained  in  the  shaft  of  a  chimney  may  be  con- 
fidered  as  balanced  against  another  column  of  equal  dimensions  and 
height  outsidn  of  the  chimney.  Kach  of  these  columns,  in  addition  to  its 
own  weight,  supports  the  weight  of  the  superincumbent  atmosphon-, 
■  equal  to  a  pressure  of  14.7  pounds  upon  the  square  inch;  but  the  latter  is 
equal  for  both  columns,  and  may  bo  disregarded.  If,  therefore,  the  weight 
of  the  air  in  the  chimney  is  equal  to  that  of  the  column  of  outer  air,  the 
two  columns  are  in  equilibrium,  and  no  movement  occurs.  But  if  from 
any  cause  the  air  in  either  column  is  heavier  than  that  in  the  other,  the 
heavier  wtU  descend  and  force  the  other  upward.  Such  a  cause  of  in- 
creased weiprht  is  found  in  thecoolingof  the  air;  while  diminished  weight, 
as  a  result  of  expansion,  is  a  characteristic  of  warmed  air. 

Ui>on  &  hot  day,  in  summer,  a  cool  chimney  will  often  "draw  down- 
ward," as  wu  say,  i.  «.,  its  cool,  heavy  air  will  sink  and  escape  by  the  fireplace 
into  the  lighter  air  which  surrounds  it.  If  a  considerable  portion  of  the 
chimney  is  iiccessibic  to  the  beat  of  the  sun,  its  upper  portion  may  become 
so  heated  that  the  total  weight  of  the  column  of  air  (taking  the  upper  with 
the  lower  portion)  becomes  less  than  that  of  the  same  bulk  of  outer  air, 
when  it  rises — or,  to  speak  correctly,  is  forced  upward  by  the  heavier 
outer  air  pushing  inward  at  tho  fireplace. 

The  height  of  a  chimney,  abstractly  and  separately  considered,  has 
nothing  to  do  with  the  draught.  A  tube  5,000  feet  high  will  contain 
rarefied  air  at  its  upper  part;  but  such  air  will  not  necessarily  ascend,  or 
be  forced  up,  for  its  counterpoiso  is  a  column  of  air  in  just  the  same  state 
of  rarefaction.  Nevertheless,  in  practice,  a  tail  chimney  is  much  more  apt 
to  draw  well  than  &  short  one,  even  if  there  be  no  fire.  Tall  chimneys 
stand  clear,  receive  the  full  rays  of  the  sun,  and  arc  not  exposed  to  those 
irregular  gusts  of  wind  which  arose  annoying  in  the  case  of  low  chimneys. 
And  if  a  chimney  is  wanned,  it  is  nvldent  that  an  increased  Imight  is 
equivalent  in  result  to  an  increased  difference  in  the  weight  of  the  two 
columns  of  air — or  increased  pressure  nt  the  fireplace  and  improved 
"  draught."  For  the  latter  reason,  we  find  that  when  one  flue  is  pierced 
with  several  openings  for  fireplaces,  in  difl'erent  atones,  the  draught  is 
much  greater  at  the  lower  than  at  the  upper  openings. 

Jiad  draught. — A  few  of  tho  causes  of  this  troublcsorao  complaint 
may  be  enumerated  as  follows: 

A  Hue  that  is  ti«j  wide  is  apt  to  bo  imperfectly  heated;  the  smoke 
tends  to  adhere  to  one  side,  while  a  counter  current  of  colder  air  descends 
on  the  other  side.  A  special  fuimel  or  flue  of  a  proper  size  should  be 
provided. 
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If  the  tlifo&t  it)  too  wide  it  cftrriea  Uf^  a  qUAntttj  of  {"or^l  air,  pKTeiC 
tliff  warming  of  thr  chimnoj-. 

A  flub  ikat  ia  luotinati  U  not  a  frcqudnt  fftult.  For  an  ordinan-  i 
a  «irntilar  funnd  of  the  Hiamrtftr  of  mix  or  ctglit  jnt?bi€»  w  KufficWnt, 
aquart*  ftun  uvrt]  nut  PXuiM^d  twt»|vo  or  atxtoon  incfaeB  in  rlisin«<ti?r. 

HiQ  ti»o  uf  wol  fuel  uiaj  ihruw  into  thr  nhimncr  a  qaantit^  of  fa 
amoko  at  a  low  trnipcnturc^  which  do««  not  camJ}*  [Mtaa  off,  oor  mftci 
Ileal  thp  maau^ry. 

A  chiiniK^y  without  a  fint  will  M>tnfttini«»  auuk  dawn  the  amoliH) 
a  nrtgbHorina:  chiiime^-top.     Or  smoko  may  enUir  a   rooni  from  tlM 
placv  uf  anothftr  roam,  tf  both  uto  one  ciiimney  iu  cominon.     ft 
caaca  cloaa  valvi'i  m4y  b«  used* 

A  deHoiont  supply  of  nir  to  the  fireplace  i>  a  cominon  faol 
doon  and  wiiidowa,  uapoviaJlv  iu  Rkudvru  bouM-'iL,  iiflei)  ahut  u  tij 
altntiAt  Ut  prevont  thi^  ingrflsa  of  air,  ut  icaat  in  cjuantity  auflicicBit  ti 
port  thp  fombujition  L>f  furt      In   round  nuinb<rf-a,  l,(>00   cubio  iaet 
are  f-ttjuin-il  lu  hurii  ani  pound  uf  woud. 

The:  dipL'ct  myi  of  tho  sun  striking  on  a  cltimney  ofto-n  mak(<  it  ■ 
Tills  i«  apttatx'iitly  in  t-^titrAdiction  with  what  baa  been  «B.id  abo« 
may  jmrhapa  be  vxptamod.  A  Urge  eUininoy  would  nattiraUy  ba 
intiliiM<<d  tu  smoke  in  the  Rummer,  whf^n  impcrffrctly  hratMl,  an 
would  (^uincidc  with  thtf  period  of  aanfthiiii*.  Or.  thi.*  mn  may,  by 
itiK  only  ono  Btdu  of  a  cfatiunoy,  produce  a  diaturbancc  of  tho  oiim 
atnokc  witltitii^  wifli  a  tondcticy  upon  tljo  ooot  aidr?  tci  aink. 

A  chimney  may  bo  too  abort  to  draw  powerfully.  And,  furtb«i 
a  abort  dtininey,,  ofCtJi  fuund  in  the  additinri  or  L*  of  a  hotmp,  ma 
its  at^tiim  inverted  by  ihti  mon<  powerful  draug-ht  of  a  tall  cbtini>py 
main  part  of  the  hoaae.  A  stairraic  leading  fttralf^ht  (o  the  top 
linuso  may  contain  such  a  heatod  atmosphrfre  as.  to  act  tike  a  chiinnc 
aimiUrly  iutqrfor©  witli  the  action  of  sliort  chimueys. 

The  r^niiody  vnAy  eonsint  in  nhuttiriiQ^ 
Mt  as  to  i4olat«  the  chiniitoya  from  each 
Two  fireplaces  in  one  room  are  very 
interfere;  in  fact,  it  i&  vety  hard  to  avoi 
uale^  one  be  cloi^ed  with  a  trap  or  vah 
The    effeot    of     wind    striking'    do^ 
upon  the  fhimney  may  b*»  n^^utraliKed  ti 
cases  by  proprrly  made  traps.      But  th*; 
ney  mftV  he  so  situated  in  an  angrlo,  over 
by  high  walls,  that  the  wind  eonainj;  fron 
tain   direction  is    condensed    in  the  oc 
^paee,  and  neeeaaarily   se<jks    an  outlet 
the  flue,     This  should  be  remedied  by  e 
ing  the  flluet  or  chimney  sboire  the  love!  t>f  surronndiuy  Huildings. 

Thu"  effef!t  lit  witul  atrikinjj  upon  aa  unprottrtrtf  rrhiinriev  i*  we 
in  Fig.  8j  wbt^re  the  wind  furujs  a  whirl  or  vu'rtcx  at  the  top, 


Fta.  fl.— Oait  of  wiiid  onter- 


/I 


obimney. 
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by  a  furnace,  stoves,  or  kitchen  fires,  they  furnish  a  most  suitaljloadilition 
to  these  arranfrementa. 

An  ordinary  fireplace  renews  the  air  of  the  room  il  warms  on  an  aver- 
age four  or  five  times  in  an  hour.  (Depjcn.)  This  has  jjiven  rise  to  a  rather 
indiscrinitnate  praise  of  their  virtues  as  ventilating  agents.     It  is  per- 


fectly  trtMi  that  tliey  lOAjr  uaa'ily  tlniw  (mm  10,000  to  20,000  cubic  fc«C  a 
air  p^r  hour;  but  thoy  do  not  do  it  in  a  8ci«>i]tific  way.  To  suppily  th 
Urg«  dcmADil,,  air  untem  troin  all  thv  adjoining  roorni>;  (hn  kitchen^  cellai 
wftter-clo6ot»  often  diichargc  thoir  mt  witli  th*:  grtmlest  mpifJi^  tn( 
rooniB  which,  thuiM  lirnlrd,  an^  I'onvcrtod  into  Uu^q  atr^pumpb.  From  tt 
othnr  Bidv  como  ourreiiU  through  tho  wiridoW'i-ni.rks,  wliiobajr  felt  tii  tt 
form  uf  antittyitig  drnuglitK,  and  chill  the  floor,  &u  that  a  pcraon  &ittipgi 
a  goufl  upfii  (iru  ia  often  '*  masttiig  on  onr  .^hU^  altd  frcciin^  dd  tlii 
other."  In  foct-,  the  larger  part  of  the  veDtilatui^  elTccl  is  applied  to  ll 
lowcai  laycm  of  air— those  ntuated  within  three  feci  of  th(?  floor— whC 
tbfi  upp«r  regions  roniaiii  cornparalivcly  Hiag^naiit.  The  culd  air  from  tl 
windavra  naturuUy  seeka  the  Hour  at  onrc,  and  pajn«e«  straight  to  the  fin 
place.  This  may  readily  bo  ihown  in  a  n)om  in  which  the  windows  u 
pUD«d  on  one  «ida  of  the  Gro;  tba  smoke  uf  a  ci^r  held  before  the  61 


ria  It. 
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Fia  IS 
F108. 11,  12,  13.— Porma  of  GKltoo's  heuih  in  horixontAl  MetioiL 

at  the  distanco  of  a  foot,  on  the  Bide  toward  the  window,  being  drawn  i 
with  rapidity;  while  if  held  toward  the  other  side,  it  does  not  even  cnU 
the  fireplace. 

Another  objection  to  the  open  fire  lies  in  its  wastefulness,  only  12  c 
14  percent,  of  the  heat  generated  being  utilized. 

Botli  these  points,  however,  have  been  successfully  met  in  theso-calle 
vcntilatiiig-stovc,  the  principle  of  which  was  used  by  Franklin,  althoug 
it  has  been  hitely  revived  uiuler  the  name  of  Doug-las  Gallon  and  other 
Thosu  stoves  (F'i;^.  9-13)  all  possess  some  form  of  false-back,  behin 
which  is  an  air-space  counnunicatiiig  with  the  outer  air  by  a  pipe  in  tl 
door,  and  with  the  air  of  the  room  by  suitable  ai>ertures  or  registere  nei 
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the  mantelpiece  or  the  cornice.  They  mipply  to  the  room  a  large  quan- 
tity ot/'rci/i  teartned  &\t  at  a  moderate  t-einperature;  anil  the  supply  thus 
furnished  is  sufficient  to  prevent  that  annoying  leakage  through  cracks 
&nd  doont. 

The  air  enters  in  a  mase  with  some  velocity,  and  in  considerable  vol- 
ume; it  IB  introduced  above  the  level  of  the  fire — &1I  of  which  oircum- 


rio.  14.— Seotton  of  a  ventllAtins  atova— tbo  "  foyer  Joly."    (BoMi) 


I 

■     at&n06«  aid  in  producing  a   quick   circulation  and  s.  disturbance  of  the 
'     whole  maas  of  air  in  the  room,  with  consequently  a  comparatively  equal 
temperature. 

Of  Gallon's  stove  it  is  stated  that  It  briiiirs  in  about  thf  same  aniounl 
*of  air  as  escapes  through  the  chimney,  and  at  tlic  tempcralurc  of  ftbout 
Vol.  I. --44 
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80'  or  00**  r.     The  amount  of  boat  utilized  waa  found  to  fe 
as  much  AS  in  the  case  of  a  common  grate,  viz.,  35  p^r  t'^nl. 

Tho  Gallon  grate  is  given  in  Figs.  11-13,  in  horizontal  a4M;tioo,  aboi 
ing  the  direction  of  the  current  of  fresh  air  striking  againat  tb«  Iron  bti 
of  the  stove.  In  Fig.  0  is  sevn  how  the  air,  having  passed  orer  thiftii 
face,  is  further  warmed  by  contact  with  the  h«ate<l  flue,  tn  a  long,  aprig 
chamber — the  chimnev';.  in  fact — and  enters  the  room  hy  «[»erturv»  at  t 
cdniice.  In  Fig.  10  it  is  seen  bow  the  room  above  may  be  vrarrac«l  fr 
the  same  source  at  wUL  In  each  cose  the  fire  i»  visible,  and  givei  a 
the  same  amount  by  direct  radiation  as  in  an  ordinar\*  grate.  ^h 

Fig.  1-1  represents  another  simple  form  of  vontilating-stow,  in^| 
the  smoke  from  the  grate  is  received  in  a  large  sheet -iron  box,  S  (tM 
four  fuet  long  in  the  horizontal  direction),  around  which  currents  q^ 
introduced  by  a  channel  under  the  hearth,  pUr,  and  finally  entvr  tI>^H 
by  registers. 

In  another  design  the  air  is  wanned  in  it«  jmee%ge  through  aprin 
rylitidrieal  tubes,  which  discharge  into  a  box;  the  latter  opens  into  t! 
rooDi  by  perforations  in  the  iron  ornamental  work  around  the  lir 
The  smoke  passes  between  the  cylinders  Iw^fore  reaching  the  chime 

The  popular  "Fire  on  the  Hearth/*  an  American  stove,  is 
of  ventilating-stovos.  It  draws  its  air  from  out-of-doors;  but 
provided  with  an  opening,  in  the  form  ot  a  ring,  just  above  the  Sw 
through  which  some  of  the  air  of  the  room  raay  be  sucked  in.  If  tUs 
the  ease,  the  ventilating  power  of  the  stove  is  of  course  lessened. 

The  ventilating-atove  ought  entirely  to  supplant  the  present  wastrf 
and  comparatively  unwholesome  open  grate,  popular  and  useful 
latter  has  been. 

It  is  often  and  justly  remarked  that  ventilation  always  co«t« 
thing.  And  as  iho  oid-fashiuned  grate  costs  enormously,  it  is  suf 
to  give  us  the  very  best  ventilation — a  method  of  reasoning  whii^  i 
Tolves  a  logical  error.  It  has  already  been  shown  that  the  result  |Aj| 
a  thoroughly  good  one.  even  with  all  the  outlay.  And,  as  regar^| 
new  system,  two  remarks  are  pertinent.  First,  ll  does  work  well,  H 
does  not  take  away  enough  heat  from  the  chimney  to  check  the  dimogti 
it  therefore  only  utilises  what  would  otherwise  be  wasted.  S«oood, 
feeds  the  6re  with  warmer  air,  thus  in  part  restoring  lo  the  cbimnc>]^^ 
it  t>orrowed.  ^| 

The  temperature  of  the  gases  in  the  chimney,  arising  from  tb«  coi 
bustion  of  fuel  in  an  open  grate,  is  given  by  Uegen  as  usually  exeoedii 
212".     The  heat  required  to  he  maintained  in  the  chimney  may  b«  aao< 
tained  by  adding  30"  or  40"  C  {=  54'  or  7i*  F.)  to  the  tempcratum 
the  room— say  laO"  to  138°  F.     The  difTerence  between  313*  an<j 
may  be  considered  as  wasted  by  ordinary  grates. 


■  AccOTding  m  Rertsr.  30*  or  SO*  (X 
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Stovss  ani>  Fukkacbb. 

1.  T^irect  and  indirect  heating, — ^Thorc  are  two  chief  ways  in  which 
heal  18  impartod  to  the  air  and  other  contents  of  a  room,  namely:  radia- 
tion and  convection.     Both  proL-essej  an?  almost  always  going  on. 

Between  any  two  bodies  of  different  temperatures  not  sepurated  by 
substances  which  prevent  the  process,  a  transference  of  heat  is  constantly 
taking  place  from  the  warmer  to  the  colder  hy  radiation.  The  burning 
coal  and  fiame  in  a  gyrate  radiate  heat  to  the  walls,  furniture,  an<l  persons 
in  the  room;  persons  radiate  heat  to  the  walls  and  other  objects;  the 
walls  radiate  heat  to  the  windows  in  cold  weather. 

The  amount  of  heat  ahsorhed  by  dry  air  in  a  room,  from  rays  which 
pass  through  it  from  a  stove  or  open  fire,  is  too  trifling  to  be  considered. 
The  process  of  wamiirg  a  room  which  has  become  thoroug-hly  cold  con- 
sists in  the  transfer  of  heat  to  its  lealls,  and  the  gradual  elevation  of  the 
temperature  of  the  latter  until  it  equals  thit  which  is  desireil  fur  the  air 
of  the  room.  The  walls  and  other  solid  objects  fonn  the  reservoir  of  heat; 
the  air,  changing  every  ten  or  fifteen  minutes,  should  also  have  a  certain 
warmth;  but  the  sensation  of  chilliness  is  far  more  troublesome  when  the 
walla  are  cold  thati  when  the  air  is  cold.  This  fact  is  made  the  basis  of 
some  systems  of  warniinu,  by  means  of  heated  floors  or  walls.  It  is  well 
known  that  the  Romans  heated  their  bathing'-rooms  by  the  Boors,  which 
were  of  hollow  masonry,  containJug  flues  for  the  escape  of  the  product* 
of  subterranean  fires. 

A  stove  will  heat  the  air  In  a  moderate-sized  room  in  a  few  minutes; 
but  no  dejsjee  of  heat  in  the  air  makes  it  safe  to  remain  seated  until  the 
walls  arc  also  warmed.  In  our  climate,  dampness  is  less  to  be  feared  than 
chilliness  of  the  walls;  and  the  latter  is  not  an  uncommon  cause  of  illuess. 
A  damp  wall,  however,  is  worse  than  a  dry  one,  as  taking  up  much  more 
heat  (latent  condition)  and  protracting  the  period  of  warming.  Wooden 
or  papered  walls,  also,  abstract  heat  from  the  body  less  rapidly  than  stone 
and  brick  walls. 

A  parallel  to  this  exists  in  the  case  of  light,  which  is  of  most  value  for 
overy-day  purposes  when  it  does  not  shine  directly  upon  the  object  to  be 
illumioated.  For  instance,  in  reading  wt-  prof^-r  the  light  reflected  from 
the  sky  or  the  white  ceiling.  A  room  with  cold  walls  and  a  hot  stove  is 
comparable  to  a  room  with  dark-tinted  walls  and  a  ltghte<l  chandelier, 

The  heat  of  the  walls  can  be  imparted  to  the  air  by  convection.  As 
elsewhere  stated,  this  is  the  principal  way  in  which  air  warms  itself  hy 
contact. 

In  respect  to  its  action  upon  the  temperature  of  a  room,  a  stove  re- 
aembles  an  open  fire,  in  that  both  radiate  heat.  A  stove  heats  also  by 
contact,  however;  and  such  is  the  force  of  association,  that  we  imagine 
this  method  of  heating  tn  be  less  agreeable  than  that  by  direct  radiation. 
The  fact  is,  that  air  heated  by  contact  with  tnofUrotflt/  warmed  surfaces, 
as  the  German  or  Uussian  stove,  has  an  extremely  pleasant  quality.     The 


THK   AT3I0SPnEBR 


Mpafer  faodaeaf  for  an  op«ii  fir«  is  baseii  on  its  jiIeAsaiit 
power  of  erwnuUing  air  from  the  room.  For  when  rftdiatioii  is  powc 
witkMt  renewal  of  air,  it  is  almost  universally  regarded  aa  a  naiu 
and  9cnmt»  are  put  uji  to  protect  the  body. 

A  hot-air  furnace,  with  its  air-box,  is  analogous  to  tho  case  of  ai 
•tandin^  in  a  room.  The  furnace  radiales  heat  to  the  walU  of  the  **li 
which  are  usually  of  masonry;  and  the  air  becomes  warmed  by  eon 
with  the  surfaces  both  of  the  furnace  aud  of  the  box.  If  the  stm 
funiace  tu  nut  too  hot,  and  the  uir  is  freely  chan^*d,  the  effect  is  plMI 
Air  warmed  by  a  soapstone  furnace,  and  transferred  by  a  pip*>  ta| 
u  very  like  air  wanned  in  the  room  by  a  porcelain  furnace 

2.  JTeatinff-poioem. — In  general,  a  heating-apparatus  either  acta] 
becoming  quickly  hot,  cooling  quickly,  and  giving  a  grf>at  heat  in  pre 
tion  to  its  size;  or  else  it  acts  slowly,  and  requires  to  be  of  a  large  sii 
order  to  produce  a  due  effect,  while  it  retains  its  heating  power  for  % 
tim>\  Apparatus  of  the  former  class  is  usually  held  to  be  objf 
aft  has  been  already  stated. 

It  is  certainly  well  to  have  a  larger  stove  or  furnace  than  is  aO^ 
needed,  and  to  koop  a  moderate  Gre.  This  is  true,  whothcr  the  roo 
heated  directly  or  by  registers.  Certain  form.ii  are  so  liabtei  to  ovnri 
ing  that  they  deserve  universal  condemnation;  such  a  fonn  is  th*  I 
cylinder  or  sphere  of  cast-iron,  with  strong  draught  and  quick  conibus 
rapidly  growing  red-hot  by  direct  contact  with  the  glowing  coaU. 
use  of  iron  need  not,  however,  be  proscribed:  it  can  be  protected  lo 
ways  from  over-heating.  An  outer  casing  of  iron,  Willi  secure  joint 
placed  as  to  leave  a  stratum  of  air  between  the  fire-tmx  and  ilaelt, 
effwet  tho  object.  The  "  base-burner'*  siovo  is  thus  protected.  B 
still  is  an  inner  lining  of  fire-brick  *  or  earthenware,  which  prevent! 
burning  coal  from  coming  in  direct  contact  with  the  iron,  and  whiolH| 
never  to  be  omitted  in  stoves  or  furnaces.  ^| 

Overheating  of  air  in  furnaces  may  bo  prevented  by  providing  W 
channels  for  the  passage  of  air  through  the  hot-air  box,  and  corresp 
ingly  large  apertures  for  its  escape  from  the  rooms.  Thus  large  qa 
ties  of  air  are  drawn  through,  and  du  not  have  time  to  acquire  a  | 
heat.  In  very  cold  weathirr  the  occupants  of  ruoms  insist  oo  havioj 
at  a  more  elevated  temperature  than  usual;  this  is  commonly  attniafl 
closing  the  cold-air  box,  and  lesnening  (he  flow  of  air,  but  should  11 
be  effected  by  calling  into  action  the  reserve  force  of  the  furnace,  n 
should  be  laige  and  powerful  enough  for  cold  ns  well  as  moilrralr  wi** 

The  Hussian  stove  is  the  type  of  a  slowly-heated  and  !vlowlj| 
apparatus.     These  stoves  are  of  great  size,  and  are  built  at  the  : 
with    the  houses.     They  an*  rentangular  niox&c^ti  of  brick-work, 
with  vertical  cannls,  which  ctmduct  iIm*  stnukc  and  consumed  air  atf 
times  up  and   down  through   the  structure   before  n*iii?hing  th**  aH 

'  DuHpf^ts  sUte*  that  tho  ocmductuig  power  of  brick  "Olay  U  only  •*«  of  I 
orull  to  371 
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Tboy  &K  usually  two  or  three  metres  high  (six  and  a  half  to  tf^n  feet), 
and  occupy  a  honzotital  surface  of  one  and  a  quarter  S'umre  metres.  A 
very  strong  fire  is  made  iu  the  morning,  and  when  tin*  wood  is  wholly 
converted  into  live  coals,  the  door  of  the  fire-box  is  shut  and  the  valve  of 
the  chimney  almost  shut.  The  warmth  is  retained  by  the  mass  for  a  very 
long  time,  and  th«^  chamt»er  is  kept  agreeably  warm  fur  twenty-four  hours 
without  fresh  firing. 
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Fta  15. — SoapRtono  fiim»c«.  II.  C.  D,  r*a«B»ere*  for  wanning  trenh  itir  The  drntigbt  »t 
ntarting  w  upward ;  after  tbu  furoiice  is  wiu'in>*a,  it  i«  led  duwn  by  a  circuitous  patJi  to  tbe 

ftlDOtl. 

The  porcelain  stove,  so  great  a  favorite  in  Germany,  is  essentially 
jtiiiiilar  in  principle,  though  of  smaller  dinitinsions. 

In  France,  furnaces  are  made  of  hollow  bricks,  which,  when  built  into 
&  wall,  form  channels  for  the  ascent  of  fresh  air.  The  heated  smoke  is 
caused  to  jMi-ss  ri'jifatedly  over  tbe  outer  surfaces  of  these  bricks,  and  in 
»o  doing  warms  the  ascending  columns  of  air  inside,  which  arc  finally  col- 
lected in  a  reservoir  or  box  for  distribution. 

A  somewhat  similar  furnace  is  made  in  this  countrj'  of  slabs  of  soap- 
stone,  and  is  highly  praised  for  the  purity  of  the  air  furni.shcd.  It  oc- 
cupies a  much  larger  space  than  an  ordinary  iron  furnace  of  equal  power. 
The  joints  can  be  made  very  close  with  this  material. 

3.  Quality  of  air. — Under  this  head  it  is  proper  to  speak  of  the  con- 
tamination of  air  by  products  of  coinbusiion.  The  latter  may  escape  from 
a  stove  or  furnacf;  of  any  description,  when  the  "damper"  is  too  close. 
By  the  term  "damper"  1  mean  a  valve  in  the  chimney  or  smoke-flue, 
which  is  capable  of  nearly  or  quite  closing  the  aperture.  No  valve  of 
that  sort  should  ever  be  plact^d  in  the  smoke-passage  of  an  apparatus  in 
use.  The  necessary  checks  to  excessive  draught  should  be  ap])1icd  at  the 
point  where  air  enters  the  fire,  not  where  it  leaves  it.  The  joints  of  any 
given  stove  are  presumably  somewhat  pervious,  and  thruugh  such  joints, 
the  moment  the  stnoke-outlet  is  closed,  giu^es  bvgin  to  pass  into  the  room. 
On  the  other  hand,  a  stove  made  as  close  as  practicnblo  by  shutting  its 
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doors,  stiU  leaks  intoard  &  little,  allowing  a  mifficieiit  supply  of  air  lo 
reach  tlie  lire, 

Tbo  druuglit  of  a  flue  is  mucli  (lopcixlpnt  on  its  aiae. 

A  colli  rivaiice,  often  applied  to  tlie  wmoke-Hue  of  a  stovo  or  fti 
consists  of  an  aperture  for  the  admission  of  air  to  the  fine  from  the  mofn, 
and  its  object  is  to  dimini»h  the  draught  without  obstruoling  the  pas- 
sage of  smoke.  It  is  a  serious  objection  to  this  contrivance  that  tt  is 
liable  to  coul  the  flue  trjuinuch;  furthermore,  it  greatly  lesaens  the  atou)^ 
pheric  pressure  on  the  stove,  which  cunslitutesoiir  clucf  safeguaril  a^aia^ 
the  escape  of  gases. 

In  the  ease  of  hot-air  furnaces,  it  is  very  deisirable  to  mako  the  v-ami 
actually  impervious  to  gas.  This  cannot  be  done  with  the  orUinart-  m»- 
tcrials — cast-iron,  putty,  and  red-lead.  The  unequal  contraction  and  dila- 
tion of  pieces  of  casting  inovit&bly  cracks  the  putiy  or  eeutent — a  matter 
of  small  moment,  provided  wc  wero  aure  of  a  constant  attnospheric  pna*- 
Bure  inward.  I$ut  wc  cannot  be  sure  that  such  a  pressure  will  continni 
under  all  cireumstunccs;  and  the  manner  in  which  the  direction  of  the 
pressure  may  be  reversed  is  easy  to  understand.  For  the  irtin  wall  o(  lb« 
furnace  represents  a  diaphragm  between  two  boxes,  from  esacb  of  whirl) 
u  powerful  current  ascends.  One  of  these  boxes  is  the  stove  itself^^-div- 
charging  into  tlie  chimney.  The  other  is  the  hot-air  box  or  reserroir^-dis- 
charging  through  pipes,  registers,  lialU,  and  stairways;  all  of  which  taken 
together  may  form  a  kind  of  rival  chimney,  drawing  upon  the  bot-air  box 
with  a  foree  nearly  or  quite  equal  to  that  of  the  actual  chimney.  Thf-n 
the  direction  of  the  wind  may  be  such  as  to  favor  the  exit  uf  air  from  the 
box,  by  the  fluct  intended  to  ailmit  it;  and  if,  under  tliese  cirtnimstaoco, 
a  puff  of  wind  strikes  the  chimney  unfavorably,  it  is  not  strange  if  ih* 
pressure  should  be  for  tlie  time  reversed,  and  gas  escape  into  the  lx>x.  In 
point  of  fact,  this  not  rarely  happens  in  fumaocs  of  cast-iron.  A  milAbie 
material  for  avoiding  ihis  cxiuts  in  wrought>iron,  which  can  bv  mad*  per* 
fectly  tight  by  overlapping,  riveting,  and  hammering  the  edges.  Stuue 
funiaces  can  be  made  tight  also. 

Wlien  the  door  of  a  furnace  is  opened,  a  puff  of  gas  often  e«oft|M», 
proving  that  the  flue  is  nut  drawing  well,  even  if  wrll  constructed.  Th* 
matter  is  made  worse  by  shovelling  in  coat,  causing  sudden  displaceuent* 
of  air  from  the  fire-box.  This  escape  is  soon  percoiv«tl  in  the  room* 
above.  It  is  very  desirable  that  the  cdlar  should  be  ventilated  in  aooie 
way  independently  of  the  up[>er  stories,  to  carry  off  such  accidental  prod- 
ucts. The  hot-air  box  and  the  duct  which  takes  air  iu  should  b«  madr 
tight,  to  exclude  gas  and  other  coin{>oncnta  of  cellar-air.  Th«>  supply  of 
air  for  the  fire  and  that  for  the  air-box  ought,  iu  short,  to  be  entirrJr 
separated  from  each  otiicr. 

The  due  pro}>ortion  of  the  site  of  the  different  tub^s  and  flu««  enl^^^ 
ing  and  leaving  the  heat-box  is  u  matter  requiring  careful  judgtnonC  Tim 
inlut  for  cold  air,  lu  its  smallest  part,  ought  to  have  a  traiisvers'  't 

area  of  |  of  a  square  foot  for  every  pound  of  ooal  (anthracite) 
hour  in  very  cold  weather;  and  tlio  latter  may  bt)  cstimatod  at  yl^  of  iba 
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probable  monthly  consumption  for  average  weather.  (C.  B.  Richards.) 
For  example,  a  furnace,  btirninf^  on  an  average  two  tons  a  nioritli,  will 
bum  in  the  coldest  weather  ^^  —  nearly  15  pounds  per  hour,  which 
fixes  the  seclional  area  of  the  Inlet  at  y  =  :;2|  square  feet  =  a  space 
18  X  "iO  inches  square. 

A  current  occasionally  flows  doienward  in  one  or  another  of  a  set  of 
furnace-ducts.  We  can  sometimes  trace  the  cause  of  this  tendency  ; 
the  phenomenon  is  analogous  to  that  of  one  chimney  sucking  another^ 
when  both  connect  with 
one  room.  It  ariKes  from 
a  considcmble  disprojxjr- 
tiou  in  the  "ascensional 
forces'"  in  the  tul>cs.  A 
short  tube  enteriii^f  n  r-old 
room  might  easily  draw 
the  cold  air  down  into  the 
lurnacc-box,  instead  of 
scndiTiiT  warm  air  up.  The 
remedy  is  (urnislieU  In  part 
by  fto' proportioning  the 
size  of  the  collective  exits 
to  the  size  of  the  inlet  that 
cold  air  entering  at  the 
latter  expands  in  propor- 
tion to  the  greater  caps* 
city  presented  by  the  out- 
lets, and  not  more.  "  The 
collective  area  of  the  hot- 
air  pipes  shoulil  be  not 
more  than  ^  greater  than 
the  least  area  of  the  cold- 
air  inlets,  assuming  that 
the  heated  fresh  air  is  to 
enter  the  rooms  at  the  tem- 
perature of  about  130® 
when  at  zero  outride,  and  its  velocity  in  the  hot-air  pipes  not  exceed  5 
feet  per  second." 

A  cold-air  duct  opening  on  the  lee  side  of  a  house  lias  a  tendency  to 
OOnvey  its  air  in  the  wrong  direction,  or  the  in-draught  is  lessened.  One 
Opening  on  the  windward  side  requires  a  valve.  In  some  large  buildings 
with  many  flues  the  orific&is  so  exposed  that  the  difference  between  the 
two  sides  is  very  Iroublesomi;.  This  may  be  remedied  (»*>  proposed  by 
Mr.  Tudor)  by  providing  a  receptacle  of  air  of  laifc  size  and  convenient 
position,  into  which  ducts  open  from  various  sides  in  the  walls;  the  sup- 
ply  is  thus  made  constant. 

4.  VentiUUin'j  povBcr. — The  air  absolutely  required  for  the  combustion 
of  fuel  is  very  smali,  and  in  the  "air-tight"  stove^  where  all  superfluous 


Fig.  16. — CoinbinRtion  of  WTera]  modM  of  Tentilstioa 
for  btrrnckn  a,  stuve  with  miatet,  kdmitting  froah 
«rftrroe<l  ktr  :  h,  Ktove  with  niAntel,  to  protnot*  ciroaUlion 
in  the  room  ;  i/,  tthoft  fur  aspiration  of  air  from  ItiTel  of 
floor :  throuul)  the  middle  aACeiuls  tlie  conjoint  (luiael  uf 
a  ukI  b.  Kidgo-polc  vvnlilitioD  is  k1«o  seeu.  (Prom 
Rutb  uitl  Lex.) 
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currents  are  chocked,  U  practically  of  no  account  in  rentiUttng  a  rooiBf' 

The  amount  of  air  user!  in  stoves  hurninf^  wood  is  stiite<i  at  5  cubic  m«tm 
for  each  kilogram  me  of  wood,  7  for  coal,  and  11  for  coke  (,Boac ;  tod 
Degen  nearly  the  SHme) — that  is,  80,  112,  and  175  cubic  feel  per  pouAtl 
rcupectivcl}'.'  Uv  this  it  appears  that  the  veiitilatirig  ytowar  of  a  clo«* 
btuve  is,  roughly  speaking,  equivalent  to  one-tuiith  of  thai  required  h\ 
the  needs  of  a  single  adult  person.  Moriii  estimates  tliv  coDsumptioo  of 
air  by  a  close  store  at  ISO  cubic  feet  per  pound  of  coaL. 

Tlie  '*  open  "  stove,  the  so-called  **  Franklin  stove,"  and  the  "  Fire  oo 
the  Hearth  "  are  in  a  totally  diiTerent  category,  and  discharge   nearly 
much  air  as  an  open  tire.     The  word  *'  Mantelofen^'  is  used  in  GormAQ 
for  the  class  of  stovos  which  possess  an  outer  jacket  or  casing,  into  whjii 
air  is  admitted  at  the  bottom,  and  dLschai^^  in  a  heat^-d  stati-  at  the  i 
as  shown  in  diagram  in  Fig.  1*3,     In  stove  a,  fresh  air  is  ni*jjresvntad 
entering  from  uut-of-doors.    In  stove  b,  the  air  of  the  room  enters^  aikd  I 
discharged;  the  benetit  of  the  arrangement  consisting  in   the  wider  i 
more   powerful  circulation  givt*n  to  the  air,  and  also  in  the  diminution  i 
direct  radiation  from  the  surface  of  tl\i>  stove.     A  contrivance  like  a  (miu 
very  easily  be  applied  to  must  stoves;  the  jacket  should  rvachthel 
and  air  should  be  conveyed  into  its  cavity  through  a  register  in  the  0a 
The  register  should  open  into  a  duct  placed  in  the  flooring,  which 
lead  to  a  hole  in  the  house-wall. 

Fresh  air  is  also  introduced  by  the  boi-air  furnace;  but^  in  point  ( 
fact,  the  supply  is  in  moat  cases  quite  inadequate. 

5.  EctntomicfU  renults. — The  table  which  follows  contains  the 
of  experiments  made  in  18G5-*66  by  Morin: 


yf 


\ 


A- 


Pig.  IT— I>i»gri.in  of  furn&M,  with  •y»- 
tcm  of  tulwA  (or  obUioiog  the  b^t  u(  tbs 
■nioko.     (Pallet.) 


Z? 


^ 


Fia.  I&. — ^Tbi  aam*  ia  bonaaatel 


'  Parkefi'  Hygiene  atates  tbat  for  complete  oombttstion.  one  pound  o(  coal  \ 
340  oabio  feet  of  air ;  wood,  130  oubic  feet. 


I  EuUien    stoves 
[^  bcat«d  with  wood  [ 


Ceitun      Htovbs 
of  wrought- 
iron,  with  cir- 
culaUoaof  air, 
Ctiktta  (rotn  the 
room  or  from 
the  oiit«r  air. 
FurnaeeH   with 
■         tubes  for  clr- 
I        onlation  of 
I        unoke. 


rXhc     Bcbool- 
stovmofParta 
StOTM  with 
vertical  tube* 
for  oironla- 
tinn  rSjrmtdme 
Chamsenot)  . 

Horizontal  .... 
Vertical 


Hsatinff 
by  warm 
water. 


'When  the  extent  of 
tubinfi;  ikod  mzo  of 
watar-atuve«  ia  suffi- 
cient, in  occordaocfl 
with  the  demandii  of 
theory 

When  the  Imiler.  the 
fire,  and  all  the  atovea 
or  tabes  art*  in  the 
roonia  they  are  de- 
■gaed  W  wum. 


0.90 
0.83 

0.87 
0.68 


0.93 

O.tiS 
0.60 


0.65-O.75 


0.88-O.M 


They  remove  bad  air,  without  directly 

intiwlucinp  frt^sh  air.  The  effect  on 

health  i»  good. 
They  remove  bad  air,  and  introdaoe 

freah  air  moderately  uranued.     The 

effect  on  health  i&  good. 

They  remove  very  little  bad  wr,   and 
therefore  are  not  wholesome. 


They  remove  the  bad  nir  incom- 
pletely, and  raise  the  atr  iutiu 
dnced  to  oil  exucffHive  tompcm 
ture.  If  the  tubea  for  circulation 
wo  of  ca«t-iroD,  the  eifefit  on 
health  ia  wry  bad. 

They  cannot  produce  a  direct  andauOi- 
cieot  cvBcuatioD  of  the  bod  air ;  in 
general,  they  heat  the  uirto  oxoeaa. 
The  latter  objection  may  be  reme- 
died by  proper  oontnvaiic««,  tto  tbnt 
the  air  in  hoiitcd  onlv  to  :tO  or  40" 
(=  8«"  and  104  K.).  TJii*  method 
is  unhealthy,  unless  connected  with 
a  system  of  vcatilatioD. 


i  Adapted  in  all  copies  to  theestablteh- 
ment  of  a  ayatem  of  ventilation  by 
drought -obi  nuieya. 


A  very  great  saving  in  fuel  ii  made  by  causing  the  smoke  to  part  witli 
soni<^  of  its  heut  iti  a  .system  of  tub^-s.  In  Fig.  17  an  arrangement  of  this 
Burt  13  shown  in  vertical  acction;  the  smoke  paaaea  from  the  top  of  the  Bru, 
hy  six  flues^  to  the  floor  of  the  air-chamber,  where  it  is  gathered  in  one  flue 
and  discharged  downward.     Fig.  18  gives  a  horizontal  section. 

In  Fig.  19  the  great  maba  of  smoke  and  gases  of  eonibiistion  enter)  a 
large  chamber,  which  ronnecU  with  several  tubes,  each,  however,  return- 
ing to  the  same  chamber  after  a  downward  circuit.  The  circulation  in 
these  tubes  takes  place  in  obrdicncc  to  the  principles  whiuli  govern  u 
system  of  hot-water  heating-tubes.  Their  contents  benome  cooled  in  the 
brick  chamber,  and  descend,  to  ro-onter  the  smoke-box;  while  the  place 
of  the  cooled  gases  is  supplied  by  warmer  gas.  The  discharge  of  smoke 
to  the  chimney  is  independent  of  this  circulation. 
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A  simpler  means  oC  saving  faeat  consiata  in  letting^  the  imokc-Ba 
exposed  to^tho  air,  as  is  very  commonly  seen  in  cheap  buildini^     A 
better  plan   is  to  convert  tho  fireplace  into  a  spet-ies  uf  GalWnV  sio 
For  this  purpose  a  tifrht,    flat  chamber  of  masonry^  of  no  isreal  dep 
and  a  few  feel  wide,  in  the  space  behtad  the  mantel,  is  to  be  pcovid 


V- 


n 


VJ 


\ 


r\ 


/. 


ASfflS 


Fia  lA — Forairoe,  with  cdrcnUUon  of  Btaokc- 

The  smoke-flue  from  the  stove  (an  open-grut^  stove  of  ordinary 
passes  up  and  down  in  this  space,  makinj^  several   (say  four)  bends,  i 
exposing  a  great  length  to  the  air  of  the  chuuiber,  which  then  enlera 
room  by  a  register.      Fresh  air  is  sujiplicd  to  the  chamber  by  a  fluei 
municating  directly  with  out-of-doors. 


J/fAttinff  by  Sktam. 

This  method  is  becoming  very  popular  in  America,  even  for 
fiuuses,  while  for  public  buildings  it  pi>ssesse8  certain  distinct  aflvanta| 

A  steam-apparatus  is  compact  and  easy  to  manage.  It  can  be  put 
operation  quickly.  It  transfers  heat  to  any  desire<I  distance  in  a  hori«- 
tal  direction;  whereas  sir  from  a  furnace  oantiot  be  distributed  or«i 
radius  of  more  than  forty  feet.  Tt  is  easily  manag««d  by  any  fairly^dj 
ligent  domestic,  ^| 

On  the  other  hand,  the  nDi&c&  made  by  the  st«*um  entering  the  pip« 
the  morning,  after  the  apparatus  has  grown  cool,  are  very  annoying.  801 
leaks,  whicli  may  be  hard  to  find  and  repair.  Explosions  are  known  to  bi 
occurred.  Yet  these  ohjectiona  can  be  answered  to  a  great  extent.  1 
iioiites  in  the  pipes  are  due  to  local  accumulations  of  coul  wate^r,  c*aii 
sudden  cundonsations  uf  the  hot  sLeani  when  thuy  first  come  in  cofil*! 
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and  this  c&n  be  avoided,  to  some  extent,  by  careful  grading'  of  the  pipes, 
so  that  a  constant  descent  shall  exist  from  the  highest  part  of  the  system 
to  the  lowest,  permitting  all  condensed  steam  to  How  back  into  the  boiler. 
Tlifl  tatter  should  be  placed  at  a  lower  le%-el  than  the  lowest  pipe.  There 
are  also  various  arrangements  {steam-traps)  for  automatically  evacuatitig 
the  water  and  air  at  given  points.  When  it  is  not  practicable  to  return  it 
directly  to  the  boiler,  automatic  air-traps  release  the  air  which  accumu- 
lates in  heatent.  As  regards  explosions,  thuy  slitiulil  not  Ut^  permitted 
to  become  possible.  One  of  the  leading  manufacturers  of  steam-appara- 
tus in  Boston  is  accustomed  to  require  an  inspector's  certificate  of  a  test 
of  150  pounds  to  the  square  inch  for  boilers  which,  in  ordinary  use,  arc 
not  to  be  subjected  to  a  pressure  of  more  than  5  or  10  pounds.  This  ia 
"  low-presbure  ;"  while  15  or  I'i  pounds  may  be  culled  a  medium.  The 
advantage  in  using  a  higher  tension  than  that  of  ^tU  pounds  depends  on 
the  fact  that  steam  produced  under  such  conditions  has  a  higher  tempera- 
ture, and  that  a  considerably  less  amount  of  pipe  will  suffice  to  produce  & 
given  result.  The  temperature  of  pipes  at  medium  pressure  is,  roughly 
speaking,  from  250°  to  200*^  F.  ;  at  ordinary  low  pressure  [5  lbs.],  •^SitJ^ 

In  laying  jiipe  to  connect  the  boiler  with  the  ** coils"  or  heaters,  it  is 
necessary  to  protect  against  waste  of  heat  by  a  casing  of  fibrous  material. 
Various  substances  are  manufactured  for  this  purpose,  the  best  of  which 
are  founded  on  the  use  of  asbestos.  In  passing  through  wood>work 
(floors,  etc.),  the  pipe  must  be  guarded  by  packing  for  protection  against 
tire. 

If  precautions  of  this  kind  are  used,  gutters  containing  pipe  may  be 
laid  in  the  floor. 

A  coil  of  steam-pijH!  is  often  placed  in  a  chest  of  watfif,  forming  what 


Pia  30. — SiMin-ooil  in  cclUr  ;  tsItoii  to  control  M)arc«  of  ra|>plx  of  air,  and  its 
CODlwe  withiu  llic  belter. 

is  called  a  "  water-stove."    Tlie  apparatus  heats  rather  slowly,  which  may 
be  thought  H  disadvantage;  but,  on  the  other  hand,  it  retains  heat  for  % 
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lon^  time,  and,  *s  it*  top  is  open,  the  tempermtTire  i»T«r  pxceied*  21"2' 
while  the  fresh  air  within  the  mante!  doea  not  exoetd  45'. 

The  ordiuarv  applieation  of  Meazn  lo  hea.tiii^  purpas-^f*  consicu 
placing^  coils  in  the  rc^-nas  to  be  be*ie-i.  wiihoiii  pro^TsioL  fc-r  ibe  eatrx 
of  fresh  air.  This  :>  -extremeiv  obj«rtioaai>ir.  Mar.v  m>ien:  dwelHr 
especially  in  "famiiy  hotels,"  are. is  »dii:iic»ii,  so  depriTM  of  uronl  i 
tilation  by  the  tightness  of  the  joiaejy.  ibe  ciose  fit  of  ibt-  aa2£>e£.aad 
paint  anii  varT:ish  cf  th^  walls,  as  to  be  exTreraeJy  uj c-itnif onable. 
prorter  arraccfnaent  w;«:ijd  be  !-:■  ei>cJo*e  «ach 
ii.  a  r»cx.  f .^'raiitx  ar.  arraiia*ia€-i;T  lik*-  tbe  fr« 
rf  s3:-T*-f  :;^*.  i«rr^i>^3  ai  tijt-  enf  :*f  ibe  las: ; 
:!:%::  €*o-l   b:x  Las  ar  ir.jc^  fee  ireai.  air.  a^ 

>:arr:  a  b:x  sar  r»£  «--*rg^7  TmSes-  ib*  wina 
^^^  s.r*i  wr:z>:*n  r^fcz^ryiix  m^xi  «o*£>£-..  T^?  ■ 
■  I  ^^M  T-rinrirO;  nar.  r«:  ar-TO*-:  »r  t»:i**  ^ca^^i  in 
.-^-Lar  -^  X  ianrt  '-'-~^'*  r.  :c  wiJci  a  skead 
^rt=.  =.  Fir-  -!-  A  Ta_r=t  ai  lb*  riz=:'  baad 
::  T2>f^  rtrx  iir^n*  li»*  i:'w  r^f  ii>¥^  air  :-T*r  ibe  t 
.  c  xwTfcT  trim,  zhtt  ;•-:«_  ^ir;»^ri  a=.  ■f-rTCr  i^trsis 
zz^  tca_  re.  ix  rif -frar::  rc^c»rc^nBB>.  p»rLy  tiro 
fiari;  ~r.?t-  xr^-e*  tiri^  pr-wtr  3C  ^vg-; — *■  "tj  sbe  ti 
T»fr*rE?»  re  ti*?  a-r*  azsjizaf  "-:  tii*  r>rc^  wfcil 
.•*&T»s  ^aif  fc.Ty-¥rTff  aansag'L  T^  !&>%  frwi 
:»tr?r  i.r  tfc  x  t-a^"^-  wiiiia.  raji  :•^  f-j3»«  a:  =.^ 
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Heating  by  WaUr. 

This  may  be  placed  hy  the  side  of  steam -beating.  It  gives  a  less 
intense  heat  than  the  latter,  aiid  is  not  liable  tu  certain  (ibjvctions.  Ittt 
recomnieiidatioii  is  its  great  equability  und  mildness;  as  the  temperature 
of  the  air  in  contact  with  water-pipes  docs  not  usually'  rise  above  45^  0. 
or  113°  R  ItR  drawbacks  are  the  slowness  with  whicli  an  apparatus  is 
usually  healed  when  oace  cooled  down,  and  its  comparative  cxpensiveness 
in  daily  use. 

The  principle  which  governs  the  circulation  in  a  system  of  hot-water 
pipes  is  based  on  the  laws  of  gravitation.  A  circle  of  pipe,  entering  a 
boiler  or  a  furnace  at  one  side,  is  more  heated  at 
that  side,  and  the  water  in  that  part  rises,  wltUe 
the  water  in  the  other  parts,  being  cooler,  passes 
in  to  fill  its  ]>lare.  The  principle  is  quite  the 
same,  whether  a  simple  circle  is  used,  or  whether 
at  various  points  the  pipe  enters  a  '*  coil  "  or  a 
tank  of  whatevnr  shape  for  the  rapid  distribution 
of  heat.  Nor  is  the  case  affected  by  the  use  of  a 
boiler  in  some  systems,  and  of  a  series  of  pipes 
in  contact  with  the  fire  in  others.  It  is  essential 
ihat  a  point  should  be  left  open  to  the  air  at 
the  high  level,  to  give  room  for  the  expansion 
of  the  water.  Tliis  point  may  be,  and  usually 
is,  at  a  tank. 

The  surface  of  tube  required  is  greater  than 
in  the  case  of  stcsm-lieaters,  from  one-half  to 
one-fourth,  which  constitutes  an  economic  ob- 
jection to  the  use  of  water. 

The  opinion  of  Dr.  Billings,  derived  fr  i 
comparison  of  the  results  of  a  steam-hca: 
tern  in  the  Boston  City  Hospital  with  the  hot- 
water  system  in  the  Barnes  Hospital,  is  in  favor 
of  the  latter.  He  expresses  "a  preference  for 
the  use  of  hot-water  apparatus  with  large  heat- 
ing surfaces  of  a  comparatively  low  tempera- 
ture, i,  «.,  from  100"  to  160°  F.  My  ohjec- 
tioDs  to  steam-heating,  as  I  had  seen  it,  were  tbut  tlic  air  is  generally 
overheated,  that  the  various  valves  an<I  oilior  aontrivanccs  for  mixing 
cold  air  with  the  superheated  air  in  ordei'  to  produce  the.  proper  tempera- 
ture are  generally  unsatisfactory;  the  air  escaping  in  alternate  puffs  of 
oold  and  hot  air;  that,  unless  very  carefully  set,  there  is  liability  to  annoy- 
ancx!  from  noises  in  the  i>ipes  due  to  condensation ;  and  that  more  constant 
and  skilled  practical  .sujHirvision  is  necessary  with  the  apparatus.  From 
practical  trial  with  the  hot-water  method,  J  am  perfectly  sure  that  for  heat- 
ing purposes  it  is  entirely  satisfactory,  and  is  probably  chcuper  than  steam. 


Flo.  89,^I>bgnm  of  a  qrs- 

Uao  of  besting  by  hot  watar. 
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"From  information  furni&licd  by  Dr.  C-ovIw^  and  from  mr  own  o\h 
servaltonB,  I  believe  that  the  method  used  in  the  nvw  wants  of  the  BostOD 
City  Hospital  (jiteam)  gives  satiBfactory  resulta;  results,  so  far  a&  tetnpM*- 
ture  und  ventilation  are  oonuerned,  aa  good  aa,  but  no  better  tbau,  tli 
hot-water  system." 

In  some  of  the  other  building  (other  than  wards)  he  ttunka  that  sU 
would  probably  be  less  oxpetisivi-  iliaii  hot  water. 

A  combination  of  ateam  and  water  heating  may  be  made,  which  will 
avoid  some  of  the  objections  of  each. 

Such  a  system,  as  seen  by  the  writer,  consisted  of  a  cylindrical  i 
lined  with  Hrc-brtrk,  and  with  nothing  peculiar  in  its  cunstructioo,  ex 
that  iron  pi|>es  containing  water  cjicircle  the  lire-}>ot  within,  in  OODtad 
with  the  6re.  These  pipes  are  continuous  with  a  set  which  makes  ' 
circuit  of  a  room  or  rooms  on  the  level  of  the  stove.  At  a  hig^h  |ioiai  ii 
tliiscirtmlation,  a  pipe  leads  to  a  second  set  of  tube-&  containing  no  wmtc 
which  are  led  to  higher  levels  or  upper  stories.  Steam  in  niu<ierate  amoun 
and  ut  the  pressure  of  the  atmosphere,  is  constantly  paasing  from 
water  circuit  up  into  the  steam  circuit;  and  free  escape  is  allowed  fori 
surplus  ftteam  at  a  distant  point.  The  danger  of  explosion  se<^ms  to  I 
entirely  obviated  by  this  plan,  and,  aa  far  as  tested*  its  ecouomic  valaa) 
considerable. 

Vkktilatios. 

The  amount  of  fresh  air  required  by  an  adult  mar  he  estimatcH  I 
Tcferenee  to  the  amount  of  carbonic  acid  given  out,  and  the  amount 
air  required  to  dilute  this  to  a  degree  arbitrarily  aiwumrd  aa  a  nomul 
standard  of  purity  for  houses. 

An  adult  man  (Parkes),  in  ordinary   work,  gives  off  in    twenty-fo 
hours  from  12  to  16  cubic  feet  or  more,  according  to  weight,  of  carboni 
acid  gas,  and  also  emits  an    undetermined  quantity   of  rarbuniu-acid 
by  the  skin.     On  an  average,  an  adult  man,  not  doingexcessivf*  work,  i 
be  considered  to  give  to  the  atmosphere  every  hour  not  less  than  O.R  cub 
feet  of  carbonic  acid.   Pettenkofer  states  the  amount  at  about  0. 7.'   Woa 
give  off  less,  and  children  and  old  people  also  give  off  a  smaller  amtiu 

The  following  observations  give  the  amounts  of  CO.  excreted  by  i 
fercnt  persons  and  classes: 

I.  PETTENKOFER  AND  VOIT.'— DISCHARCE  PER  HOrR. 


By  day  . . . 
By  night.. 


Z.   Strong  labontr,  weiffhl    U.    \\:v<  t-.»i'' --, 
r2klIoffT.,»(re39. 


At  mt 


23.6  litres 

16.7  « 


At  work. 


36.3 
15. 


At! 


16.B 

12.7 


■  This  Is  the  qoaotUr  adopted  hy  Roth  uid  Lei  rMiIitsr-0«niDdheibipfl«ce). 
■Zeltacfarift  t:.tJilologki.  Dd.  U..  i>.  540. 


Age. 

Wdght 

Hoarlj  diBtduuge  of  C0» 

Boy 

10 
16 
17 
28 
35 

22    kilogr, 
23 

67.75  " 
65.75  " 
82.       » 
65.50  " 

10..1  litres. 

Girl 

9.7     " 

17.4     " 

12.9     « 

Man 

18.6     " 

17.0    « 

IIL  BfiEITINO*  (FBOU  ANALYSIS  OK  AIR  OF  BOOK  FOB  CO.). 


Sbx. 

Age. 

AttlDlUlt  00  a. 

Tina. 

Girls 

7-8 

7-8 

8-9 

8-9 

12-13 

12-13 

12-13 

10.7 
10.5 
12.0 
16.7 
13.1 
13.0 
17. 

\ 

(t 

y  Regular  hours  of  instruction. 

u 

$t 

UourB  uF  singing. 
V  Regular  hours  of  iDBtruotion. 
Singing. 

" 

tt 

The  hourly  supply  of  air  required  by  each  person  may  be  estimatcrl 
AS  follows:  The  amount  of  carhonic  aeid  excreted  by  the  lungs  is  as- 
sumed as  =  0.532  m.  in  24  hours,  which  corresponds  to  12.2  tn.  of  expired 
air  containing  4.334  per  cent.  (Vicrordt)  of  carbonic  acid.  Now»  if  this 
expired  air  be  added  to  99  times  its  volume  of  atmospheric  air,  containing 
the  usual  prn|«jrtion  of  4  per  ten  tliou^^jiiid  uf  c-arhonic  acid,  it  is  evident 
that  (dinrcgarding  minute  fractions)  the  amount  of  CO.  in  the  air  is 
simply  doubled;  it  is  raised  to  8  per  ten  thousand.  And  if  to  this  mix- 
ture be  added  its  own  volume,  again,  of  atmospheric  air,  we  have  a 
second  mixture  containing  the  mean  of  4  and  8,  or  C,  parts  in  ten  thou- 
sand, which  is  an  allowable  amount,  and  for  most  purposes  may  !io  con- 
sidered all  that  is  attainable.  One  hundred  and  ninety-nine  (say  tvro 
hundred)  times  the  total  bulk  of  the  expired  air  is  therefore  required  to 
dilute  it  to  a  proper  degree.  This  equals  2,440  m.  daily,  or  about  100  m. 
per  hour— that  is,  in  round  numbers,  3,500  cubic  feet.  This  is  neeessary 
in  rooms  which  are  constantly  oeeupied;  and  in  rooms  for  assembly,  or 
sohoots,  where  such  a  liberal  ventilation  is  impossible,  the  greatest  care 
should  be  taken  to  give  a  thorough  sluteing>out  with  fre.sh  air  at  short 
intervals ;  at  least  after  each  session.  In  legislative  halls  the  sessions 
are  so  protracted  that  the  requisition  for  air  may  approaoli  that  in  a  hos- 


'  G.  G.  Tjebmann :  Handbuob  d.  pbysioL  Chemie,  Leipxtg.  1S54. 
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pitai,  which,  ns  given  by  De  Chauinont,  equ&]s  about  3,000  cubic 
hour,  but,  as  stated  by  Billiugs^  in  ono  cubic  fool  per  second  per 
the   minimum  allowance,  or  3,600  feet  per  hour,  which  is  over  100  cii 
metres. 

The  quantity  of  frc&h  air  required  per  hour  and  head,  in  order  to  k 
the  air  of  a,  room  at  a  given  standard  of  purity,  may  be  calctdftted  t 
simple  formula;' 

k 

y  = 

in  which 

y  =  volume  of  air  required. 

k  =  volume  of  CO,  produced  by  the  persons,  tif^hts,  etc. 
p  =  proportion  of  CO,  to  be  allowed  (.0007,  Petienkofer)  to 
ume  of  air, 

q  =  proportion  of  CO,  exiatent  in  each  volume  of  normal  ur 
pure,  in  cities  =  .00037). 

In  this  equation^  the  reader  neod  not  be  told  that  p  and  q  vary  t 
siderably  in  ilifferent  authors  and  places. 

If,  for  example,  a  school-room  contains  fifty  pupils  of  the  age  of  i 
or  ten  years,  we  may  usbume,  in  round  numbers — 

k  =  10  X  50  =  600  litroa  =  0.5  cubic  metres, 
p  =  .0007. 
q  =  .000.35. 

y  =  .0007-.00035=  '^^  •'"^■"  '"'^^""- 
But  if  we  assume  a  higher  standard  of  purity  and  place,  as  we  imiT, 

p  =  ,0006, 
while  the  air-supply  is  assumed  as  of  only  the  average  town  qualiiv, 

q  =  .0004, 
the  equation  reads: 

y  =  ioooe^Tioooi  =  ^^  ""''''=  '"'"''• 

or  about  1,750  oubtc  feet  per  scholar,  which  is  quite  a  moderate  eetin 

The  estimate  is,  in  fact,  too  moderate.     Instead  of  10,  let  ua  allov 

Hires  carbonic  ucid  as  expire<l  hourly  by  cjich  pupil  in  a  school,  otjm 

in  a  room;  this  raises  the  value  of  y  by  one-half,  or  from  1,750  H^M 

feet  per  hour.  ^^ 

If  we  assume  20  litres  as  the  normal  production  (for  adulta)  per  In 

as  is  done  by  Ilertcr,  we  double  the  value  of  y,  making  it  3,500  ctibMl 

or  100  cubic  mt^trfs  per  hour  and  head.  ^h 

'*  It  is  impossible  to  keep  the  air  in  rooms  of  a  purity  equal  io^| 

the  outer  air:  the  amount  to  be  introduced  would   have  for  this  p^^ 

to  be  infinite.     But  wo  may  be  sure,  from  c^klculatiun  and  experim< 

that  a  ventilation  to  the  extent  of   100  rubio  metres  per  hctad  and  h 

will  give  a  perfectly  good,  wholesome  air,  always  supposing  that  the  a 

'  Boboltzs  ood  M&roker:  llmidbucU  tier  Uilitd/  OMtinilbetlaitB^a,  B4.  L,  I 
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impurity  is  that  derived  from  the  human  exhalations."  ' 

Moriifs  table  of  the  amount  of  fresh  air  required  per  hour  and  licad, 
though  well  known,  may  be  given  here.  It  presents,  for  certain  c&ses,  far 
too  low  an  estimate.  The  amount  of  CO*  eliminated  from  the  lungs  of 
children  is  not  no  much  smaller  than  that  from  adults  as  to  make  it  safo 
to  reckon  less  cubic  space  for  the  former. 


Hospitals  for  ordinary  patients 

'*  *'    wounded  and  lying-in .-, . 

**  "    epidemics 

Prisons. 

Ordinary  worksJiopa 

Workshops  with  special  sources  of  contamina* 

tion  of  air 

Barracks,  by  day 

by  uight 

Theatres 

Public  assembly-rooms — 

For  long  use 

For  short  use 

Schools  for  adults 

"        "   children 


AlK  FEB  HOITR  A2ID  HBAD. 


Cab.  metzea. 


60-70 

100 

150 

60 

60 

100 

30 

40-50 

40-50 

60 

30 

25-30 

12-15 


Cob.  feet 


2ll9-247i 
3532 
5398 
1766 
2110 

3532 

1050 
1413-1760 
1413-1766 

2119 

1050 
883-1050 
424-530 


The  following  estimates  of  the  amount  of  carbonic  acid  produced  by 
different  Illuminating  materials  may  be  of  use, 

R.  A.  Smith  (Air  and  Hain,  p.  110)  gives  a  calculation  of  the  amount 
proJueetl  by  two  men,  working  with  two  candles,  as  is  usual  in  mines, 
during  a  periotl  of  eight  hours.  The  two  men  will  produce  10.4  cubic 
feet  of  t'Os.  and  the  two  candles  12.2765  feet,  at  a  temperature  of 
70*  F.  This  gives  the  production  of  a  mining-candle,  relatively  to  that 
of  a  man,  as  nearly  equal  7  :  6;  a  candle  produces  1^  times  as  much  as 
a  man. 

In  another  place  he  says:  "I  afterward  found  in  some  experiments 
(with  the  lead  chamber)  that  the  man  gave,  as  nearly  as  possible,  double 
the  amount  of  carbonic  acid  given  by  a  sperm  or  paraffin  candle.  A 
man  produced  in  an  hour  .6  of  that  gns  to  100  feet  of  air;  a  candle,  .31. 
The  miners*  candles  produced  more,  as  is  believed;  but  this  was  not  esti- 
mated." 

The  following  table  ia  given  by  Lunge  from  Erismann  for  several 
kinds  of  lights: 


'H«rt«r:  Tierteljahnohr.  t  geriohtL  Ved.,  1874. 
Vol.  I.— 45 
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CommfFTio 

ecpkbHooboi 

1 

Ajaouai  of 
li^t  tacmtL  ' 
lay  CMirilaa. 

bmx. 

Uam. 

Petroleitmi  ftlit<bunier  . . . 
**           rouiid-Lura«r. 

,■50.5 

nA 

20.7 

0.045 

0.0G4 
0,0-J5 

UO. 
1»7. 

10.0 
T.fi 

ca,  4.0 
1.0 
7,8 

lao 

56.8 

31.t 

U.S 

8e.« 

Candle 

CwU-gw,  ftUt-boruet, .... 

The  fipire»  in  lh&  last  ooJumn  iniiy  be  coinp*r>«Mi  with  cKcm  far  l^ 
humkn  productinn  of  CO*  by  divldiug-  by  £0, 

It  ift  ntJttAil  b^v  Roth  athd  L«x  th^t  the  quantity  of  D«rbonio  ftoid  ^ 
dll4od  by  flaxnes  giving;  equal  light  is,  in  th«  case  of 

Stn!Ut-|r>*. ...  -    ...........    lAA  litres  p«r  boor. 

naiwwftdoil  67       '*         •' 

Peinilemu . 76       "         " 


Woljpert  found,  duregardin^  tho  quantity  of  lii^hl^  that  td*  caiimil 
acid  produced  by 

Strofrt-gfaa,  with  simple  buru«r  =     44>  litrr«. 

"               "      baUwing  "       =  «40     ** 
Ono  Blearini?  candl<^ ^     Vi     " 
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WMc^  oormpond*  roughly  tu  the  atnounla  produoed  hy  S,  IS,  and  4  f* 
•on  r«ap«iitive(y. 

TJn*  rjtiiiTitity  of  CO*  produced  by  street-gajs  in  boming  may  be  c*in 
Jalcd  frum  chemical  data. 

Tho  burning  of  illumiinating-gttj  produces  (Lun^e)  681  parts  of  a 
botii*;  uctd  io  1,000  parts  of  gas.  A  burner  giving  a  light  equivalent 
7.8  normal  candles,  using  140  litres  of  gas  per  hour  (about  5  cubic  fwi 
produce*  in  an  hour  9^.8  litres  of  carbonic  acid,  I  f  we  allow  for  the  to( 
daily  excretion  of  COt  by  a  single  average  mati,  the  amount  of  406  bin 
or  800  grammes,'  we  find  that  the  burner  produces  as  much  carbonic  ii 
in  a  given  time  as  fiv«  and  four-tontha  average  men.  This  is,  perhaps, 
little  loo  high. 

It  is  a  question,  which  has  received  conAiderabl?  discussion,  wbeth^i 
sleeping-room  ought  to  be  ventilated  as  freely  a*  a  day-room.  The* 
Bwer  embraces  several  points.  For  civilized  men,  in  cities,  enjoying  on 
Hmitei]  opportunities  of  inhaling  fresh  air,  the  question  must  be  answer 
ill  thiO  allirniative,  with  some  slight  allowance  for  the  diminished  eici 
tion  which  o^-curs  during  sleep.  In  the  language  of  Pettenkofer  :  "I 
who  will  sleep  healthily  in  a  cold  toom,  must  not  only  have  a  good  be 


n 


'  P«iteDl£of«r  and  T^it     It  varlss,  li«ir«T«r,  tma  680  to  1,3^  ^rmuunec 
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but  also  a  large  cubic  space,  or  very  poorly  fitting  doors  and  windows,-or 
very  porous  walls,  or  else  he  must  leave  a  window  pwrtly  open,  in  winter 
as  well  as  in  summer." 

The  good  health,  however,  apparently  enjoyed  by  men  who  labor  out 
of  doors  and  sleep  in  close  rooms,  is  an  arf^iiment  in  favor  of  the  view 
that  the  blood  and  tissues,  if  largely  supplied  with  oxygen  by  day,  do 
not  require  nearly  as  much  by  nig'ht.  It  Is  also  the  habit  of  wild  ani- 
malaHo  seek  close  places  to  sleep  in,  for  security,  no  doubt,  in  the  first 
plaoe.  The  habits  of  hibernation  in  certain  animals  prove  that  the  ex- 
cretion of  carbonic  aL-id  goes  on  at  a  very  much  Ifusened  rate  under  cer- 
tain circumstances;  and  they  seem  to  require  almost  no  "  cubic  space  **  to 
breathe  in  during  that  period  of  retirement.  The  habits  oF  a  hardy  and 
expoae<l  life  greatly  strengthen  the  powers  of  resistance  to  narcotic  influ- 
ences; tFie  mountaiueerti  capacity  for  imbibing  whiskey,  and  the  unlimited 
indulgence  in  tobacco  which  the  traveller  can  enjoy  during  a  sea-voyage, 
both  illustrate  this  faot,  and  perhaps  the  tolerance  of  a  bad  air  by  night 
is  a  parallel  fact. 

In  any  case,  it  must  be  regarded  as  conducive  to  health  to  breathe  ab- 
solutely fresh  and  pure  air  at  all  times.  The  habit  of  sleeping  in  the  open 
air  may  be  acquired  and  enjoyed  by  well  people  in  any  temperate  season 
and  climate;  its  effects,  when  once  tolerated,  are  unquestionably  in  the 
direction  of  improved  health.  The  results,  in  the  briefest  terms,  of  a  tem- 
perate life  in  the  open  air  in  a  good  climate,  arc  that  one  Is  never  sick  or 
ailing;  that  diseases  contracted  are  throsvn  off  easily;  that  wounds  heal 
quickly.  Vigor  acquired  by  exposure?  in  the  daytime  need  not  be  wasted 
by  carbonic-acid  narcotism  during  the  hours  of  sleep;  it  is  as  aflj/fe  to 
sleep  in  a  wholesome  air  as  it  is  to  he  awake  in  it. 

In  illustration  of  the  value  off  a  thorough  system  of  ventilation  as 
applied  to  a  hospital  ward,  the  following  statements  are  extracted  from 
an  article  in  the  Keport  of  the  Massachusetts  Board  of  Health  for  ISTO, 
by  Kdward  Cowles,  M.D.,  Superintendent  of  the  Boston  City  Hospital: 

"  In  June,  187ti,  two  new  surgical  pavilions  wore  opened  at  the  Bosltm 
City  Hospital,  and  important  changes  in  the  sanitary  arrangements  of  tho 
old  buildings  werti  begun.  Previous  to  this  time  there  had  been  several 
endemics  of  pyiemia  and  other  septicficmic  affections,  wliioh  had  very 
seriously  increased  the  fatality,  as  well  a.s  retarded  the  recovery  of  the 
patients.  In  no  class  of  cases  was  this  perni(;ious  influence  more  con- 
spicuous than  in  compound  fractures  of  the  extremities.  During  the  five 
years  ending  June  1,  1874,  the  mortality  in  those  injuries  (157  cases)  was 
forty-one  per  cent.,  while  in  the  two  and  one-half  years  following  the  in- 
troduction of  improved  sanitary  conditions,  the  death-rate  (in  fifty-one 
cases)  was  not  quite  twenty  per  cent. — a  reduction  in  the  mortality  of 
more  than  one-half." 

In  cases  treated  without  amputation,  "the  percentage  of  recoveries 
has  increased  from  fifty-six  to  eighty-seven,  or  more  than  fifty  per  cent.; 
the  mortality  has  fallen  from  forty-four  per  cent,  to  thirteen  per  cent." 

"  Amputations  have  been  less  frequent,  and  the  results  have  been 
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more    favorable   than    Tormerl^.      The    frequency   of   and    fatality 
pyivmia   has  decreased   one-half,  and  all  the  affections  depending  i 
blootl-puisoning  have  been  greaily  dintinished  in  the   past  two  or  1 
years."     No  new  or  improved  method  of  treatment  seems  to  have  hai 
influence  in  producing-  these  results. 

The  hourly  supply  of  air  is  the  chief  factor  in  determining  the  ati 
a  room.  Into  a  small  mom  we  can  introduce  only  a  pro(K>riionably  i 
amount  of  air  In  a  given  time.  This  limitation  rests  on  the  fact  tf 
by  De  Chaumonl,  by  Roth  and  I*ex,  that  when  the  atria  a  roomiscba 
more  rapidly  than  three  times  in  an  hour,  unplea.<tant  drauj^hts  are  fell  b 
inmates.  If,  then,  we  assume  that  each  adult  occupant  of  a  room  raa 
100  cubic  metres  of  fresh  air  hourly,  or  3,500  cubic  feet,  vre  mi^| 
nearly  1,200  cuhio  feet  of  space  per  head,  which  is  a  great  deal  ia^| 
is  usual.  This  requirement,  however,  is  hardly  excessive  is  the  «^| 
hoepitai,  where  "  1,000  cubic  feet  should  be  the  minimum  allowMU 
each  person  "  (Billings);  it  ought,  in  fact,  to  be  exceeded,  ^_ 

The  cubic  space  allowed  by  the  regulations  of  the  British -^f 
soldiers  in  barracks  i^—  ^M 

In  permanent  barracks 600  eubio  feel^ 

Id  wooden  huts .*........,.....,.  400          ** 

Iq  hospital-wards  at  home «•>■••  1,'iOO           **      ^M 

in  the  tropics. 1,500          "      H 

In  wooden  hospitals  at  home COO           "      ^| 

The  sensible  qualities  of  the  air  in  a  room  ought  to  be  oonsidef^^ 
portant.  A  bad  smell — an  odorof  dirty  linen,  of  mnsty  booVs.  of  ^vt 
or  [>crspiration,  or  stale  food — must  not  bo  perceived.  The  ••  ho* 
amelP'  must,  as  far  as  possible,  be  got  rid  of  by  diligent  aeruhbttii 
cleanliness,  minute  in  details. 

T)ie  best  test  of  good  air  (not  to  exclude  the  sense  of  smell,  wfaii 
subject  to  the  influence  of  a  varying  personal  equation )  is  obtained  b 
amining  for  the  presence  of  cjirbonic  acid  at  various  levels  in  a  rooi^^ 
desirable  to  ascertain,  by  the  use  of  the  anemometer,  the  arooti^| 
etitering  a  room, or  leaving  it;  but  the  chemical  test  supplies  a  ni^| 
able  piece  of  informtition,  relating  to  the  diffusion  of  the  iiitrodua^| 
air  in  the  difTorent  parts  of  a  room. 

In  Lang  and  WolfriiOgel '  are  to  be  found  formula-,  by  Seidel^^ 
bach,  and  Kohlrausch,  for  calculating  the  amount  of  ventilation  : 
variations  in  the  amount  of  CO*  in  the  air. 

.Vfjhods. 

Ventilation  is  either  natural  or  artificial. 
KfUural  ventilation  is  a  term  of  somewhat   loose  applicatioo. 
shall  consider  it  aa  limited  to  the  supply  of  air  which  enters  tbrougb 
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sages  not  intended  for  the  purpose — cracks  and  pores  in  the  walls,  doon, 
and  windows.  It  is  neccisaary  to  consider  tlie  chimney  as  an  ally  in  natu- 
ral ventilation.  The  rate  at  which  air  is  extracted  by  a  chimney  depends 
on  its  height  and  the  di&crcncc  between  its  interior  temjierature  and  that 
of  the  outer  air. 

It  may  ho  remarked  by  any  person  of  observation  that  houses  exposed 
to  the  wind  are  apt  to  have  a  fairly  good  air  within,  even  in  the  lack  of  a 
system  of  ventilation.  This  is  a  perfect  illustration  of  what  is  meant  by 
*'  natural "  ventilation.  Air  enters  such  a  house  at  all  the  cracks  on 
the  windward  side,  and  leaves  it  on  the  leeward  and  by  the  way  of  the 
•chimney.  But  a  more  important  element  in  natural  ventilation  (accord- 
ing to  Pettenkofer)  consists  in  the  porosity  of  the  walls,  through  which 
enormous  quantities  of  air  pass  unsuspected. 

In  order  to  determine  the  extent  to  which  "  natural  "  ventilation 
effects  the  air  of  a  dwelling-room,  Pettenkofer  applied  the  reaction  for  car- 
bonic acid.  He  found  that  in  a  room  with  brick  walls,  containing  To  cubic 
metres  of  air,  or  about  2,700  cubic  feet,  the  air  contained  was  completely 
changed  once  in  an  hour  when  the  temperature  outside  stood  at  32.2"  F. 
and  inside  at  G-iA"  F. — a  diflference  of  34.2".  At  the  same  temperatures, 
a  brisk  fire  being  made  in  the  stove,  and  all  the  valves  and  doors  opened  to 
the  chimney,  the  hourly  change  amounted  to  94  cubic  metres,  or  nearly  25 
percent,  increase.  But  when  all  the  cracks  in  the  doors  and  windows,  and 
even  the  keyholes,  were  closed  with  strong  paper  and  paste,  the  change  of 
air  stilt  equalleil  S4  cubic  metres  in  an  hour,  which  is  only  28  percent,  less 
than  the  6rst  result.  This  effect  waft  very  much  dependent  on  the  differ- 
ence of  temperature  between  the  outer  and  iho  inner  air,  ns  is  shown  by 
the  fact  ihat  when  ihese  equalled  respoutivcTy  (34.4°  and  Tl.6^  F.,  the 
average  change  of  air  was  only  22  cubic  metres  per  hour;  and  even  the 
opening  of  a  window,  with  a  space  of  8  square  feet,  increased  the  change 
of  air  only  to  42  cubic  metres  per  hour. 

It  is  a  familiar  fact,  though  not  sufficiently  heeded,  that  it  is  hanlerto 
ventilate  a  large  schuol-houhy  than  a  small  on*.-.  It  id  perfectly  evident 
that  a  small  house  exposes  a  much  larger  surface  of  wall,  proportionately 
to  its  size  and  the  number  of  pupils,  than  a  large  house,  and  hence  the 
natural  ventilation  is  much  more  vigorous.  The  difliculty  of  overseeing 
an  extensive  and  complex  apparatus  is  another  source  of  imperfect  venti- 
lation in  large  houses. 

The  direction  and  force  of  the  wind  also  greatly  affect  the  natural 
ventilation.  A  chimney  draws  less  actively  when  its  fireplace  is  turned 
away  from  the  direction  the  wind  comes  from  ;  and  a  room  which  with 
one  wind  may  receive  a  groat  deal  of  out-door  air  through  crevices,  with 
another  wind  may  lose  as  much  of  its  own  air,  in  the  outward  direction, 
the  place  of  that  lost  being  filled  by  air  from  the  other  parts  of  the 
house. 

The  quantity  of  air  passing  through  a  'porous  building-material  is 
directly  proportional  to  its  constant  of  permeability  and  to  the  difference 
in  atmospheric  pressure  upon  the  two  sides;  it  is  inversely  proportional 
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to  the  tbicknc<ss  of  the  walL     The  dliferenc«  m  the  pemieabUity  of  mtle 
rials  is  shown  in  the  fulluwing  tnble,  tokea  from  Lang : 


lUleriaL 


1,  Calcareous  lufa 

%,  Slag-stoiic,  from  Haardt  a.  Hieg,  187*i 

3.  Slag  f.   Zuffcnhauson 

4.  Slag^,  English 

5.  Slag  froiii  Dsiiabrttck,  ltf73 

6.  "  **  1871 

7.  Cendrin-stone 

8.  Pinewood  over  Hirn  (Querschnitt) . . . 

9.  Mortar 

10.  Brit-k  (Ziegel),  palo,  OsuabrUck 

1 1.  Beton 

11.  Haiulzie^l,  hard-burnt,  Munich 

Vi.  Clinker,  unbiased 

14.  Portland  cement 

15.  Machine  bricks  (Ziegel),  Munich 

Hi.  Green  sandfitoiic,  L'pper  Bavaria 

17.  *'  "  Switzerland 

18.  Uandzie^l,  soft  bunit,  .Munich 

1 0.  Oakwood  over  U 

20.  Gvpsum,  cast 

Jil.  CUnker,  glazed,  impermeable 


Painting  has  a  very  great  effect  upon  the  permeability  of  wftOt.  A 
^rat  coat  of  oil-paint  lowered  it,  in  the  ca»e  of  mortar,  from  lUO  to  MLS; 
sandstone  and  brick  and  clinker  to  C6.6;  a  second  coat  reduced  gyytnm 
to  0,  mortar  to  10.6,  and  the  others  to  3.5  and  5.2. 

*'  Coating  with  water-glass '  probably  in  time  completely  destroy*  U» 
permeability  of  u  wall ;  so  does  oil-paint,  while  new,  altbou^  tb«  cncL* 
which  come  in  the  course  of  time  make  a  considerable  difTeronce.  Wfawn 
1  state  that  oU-paint  is  the  principal  agent  in  preventing  the  diffusoQ  aod 
passage  through  the  walls  of  the  watery  vapors  which  originate  la  doraes^ 
tic  prooesses  and  respiration,  it  will  be  necessary  for  the  soMoot  of 
hygiene  to  decide  whether  ^oitUr-yla^  and  oil-paitU  «*iZ?  hat*  to  be  com- 
tinrnneii.  Size-colors  also  lessen  the  permeability  considerably,  and  in 
proportion  to  the  strength  of  the  size  ;  that  used  by  me  waa  ao  fi(«hly 
sized  that  it  lost  color,  and  yet  the  amount  of  air  passing  through  was 
lessened  by  one-half  ;  the  smallest  loss  of  penncability  occurred  when  linw- 
colors  were  used/' 

Papering  a  wall  has  a  similar  effect,  tliough  to  a  leoa  extent;  in  the 
case  of  various  stones  and  brick  it  was  lowered  from  6.5  per  cent  to 
4G.8  per  cent. 


'Lang:   Loc.  dt,  p.  8a 
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Moisture  lias  a  great  effect  in  arresting  the  passage  of  air;  this  occurs 
in  Inverse  proportion  to  the  porosity  of  the  material.  Restitution  also 
takes  places  in  proportion  to  the  porosity. 

Windoir  VetitUation, 

Great  economy  of  fuel  could  be  attained  by  introducing  double  win- 
dows. A  single  thickness  of  glass  cools  the  air  enormously;  and,  if  one 
is  sitting  under  it,  a  draught  of  falling  cold  air  is  felt  which  is  both  roal 
and  dangerous.  This  draught  is  not  due  to  the  entrance  of  cold  fresh  air, 
but  is  produced  tjy  the  chilling  of  a  layer  of  warm  air  in  contact  with  tlie 
glass,  wliich  naturally  falls  to  the  level  of  the  6oor.  Another  use  of  dou- 
ble windows  is  that  of  direct  ventilation.  Let  the  lower  sash  outride  be 
slightly  raised,  nnd  the  upper  sash  i»4iWf  slightly  lowered;  air  will  then  pass 


:-p 


TFiit 


Fio.  SS. 


i 


k 


Flo.  -M. 

between  the  two  sashes,  and  will  enter  the  room  near  the  ceiling,  having 
in  its  passage  over  six  feet  of  glass  (inner  window)  received  a  good  deal  of 
heat  from  the  room,  and  being  therefore  partially  warmed  before  entering. 

One  of  the  simplest  remedies  for  bad  air  is  to  fit  a  board,  of  the 
breadth  of  three  or  four  inches  only,  under  the  lower  sash  (of  a  single 
window);  this  shuts  out  no  appreciable  amount  of  Jight,  and  raises  the 
safth  so  that,  between  its  upper  part  and  the  lower  part  of  the  upper  sash,  a 
current  of  air  is  admitted  in  an  ascending  direction.  This  plan  is  extremely 
cheap,  and  may  be  used  anywhere;  it  is  quite  elTeclivc  in  cold  weather. 

Another  plan  consists  in  placing  &  narrow  board  nt  the  top  of  the 
upper  sash,  tilting  a  little  inward,  so  as  to  let  the  air  pass  over  it  and 
strike  the  ceiling. 


712 


THE   ATMOSPiranK. 


leu. 

r  Si 


A  neat  and  useful  modificalion  of  this  plan  is  seen  in  tb«  < 
the  prccodiiig'  page  (Fi^.  23  and  ^4). 

The  purpose  of  this  coiilrivunce  is  to  admit  frcish  air  Into  lbc>  r 
a  curmit  of  sucli  diminished  velocity  titat  no  draug-ht  will  be  felt. 
is  attained  by  lifting  the  Lower  sash  a  fav  inches,  and  placing 
a  double  fibrous  screen,  whicJi  tits  the  window-frame  lightly  (F|| 
25),     The  sash  may  be  rai&e<l  and  lowered  iudepewdenlly  of 
later. 

Those  screens  serve  a  double  purpose  ;  they  retard  the  cv 
flowing  air,  and  at  the  same  time  deprive  it,  by  filtration,  of 
impurities. 

To  give  exit  to  foul  air,  the  upper  aash  is  lowered  a  few  inches, 
hinged  screen  is  fitted  into  the  space  between  the  window-frame  a 
Bash.  If  the  wind  out-of-doors  is  blowing  toward  thai  side  of  th« 
the  screen  folds  up  autoinaticalty  and  cxclui 
unfiltered  air.  If  the  wimU  howe%-er,  blow 
the  opposite  direction,  the  screen  falls  ou 
atid  allows  the  heated  and  foul  air  of  thei 
portiou  of  the  room  to  escape  unhindered. 
Perforations  in  window-pane*  are  offi 
vtct>.  One  plan  is,  lo  insert  in  the  pis 
pane  several  horizontal  bars  of  glass,  the  d 
twcen  which  are  slanted  so  as  to  throw  the 
wartl.  Another  plan  is  to  insert  a  circular 
gig  of  metal ;  this  is  often  seen  in  rapid  i 
forcing  air  in,  bui  often  is  idle,  and  is  easily  1 
or  put  out  of  order. 

Wind-sails  are  a  kind  of  cowl  and  ptp«  n 
canvas,  and  used  on  shipboard  to  vontilaia 
decks.  They  mar  be  profitably  imitated  on  land.  A  tail  like  tk 
windvane  makes  the  orifice  point  iu  the  proper  direction  for  catcbin 
and  passing  it  down  the  tube  into  the  bouse.  Tbert:?  is  also  a  nn 
apparatus,  which  throws  a  current  of  air  down. 
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The  systems  of  artificial  ventilation  are  chiefly  clasaificd  oa 
heads :  those  which  force  the  air  into  a  room  (pulsion  :  ptenut 
and  those  which  draw  the  air  out  (aspiration:  vacuum  systei 
have  their  points  of  value,  and  they  may  be  advantageously  combi 

The  most  familiar  instance  of  lu^inition  is  furnished  by  the  or 
chiiimey.  In  summer  the  action  of  the  chimney  may  be  incrsu 
placing  in  it  a  lamp,  or,  better,  a  gas-jet  or  two.  According  lo 
7  cubic  feet  of  gas,  bunit  per  hour  in  a  flue  11  inches  square  attd  i 
high,  draw  13,300  cubic  feet  of  air  [ler  hour  from  the  room.  The 
is  not  proportional  to  the  amount  bunic,  for  50  feet  of  gas  bi^H 
same  time  will  evacuate  only  *.!*.f,5l>0  cubic  feet  of  air.     The  sta^R 


Degeu,  ihat   1  cubic  metre  of  gas  will  evacuate  COO-800  metres  of  air, 
must  not  be  taken  without  quattticutton. 

A  Tory  usotui  method  of  ventilating  rooms  is  furnished  hy  tubes  or 
flues,  which  may  be  of  tin  or  z:nc,  running 
up  in  tbe  walls  of  dwellings,  with  gas-jet;s  in 
them,  and  opening  with  proper  protection 
above  the  roof.  Such  Hues  may  be  intro- 
duced into  old  houses  (as  whi^n  such  bouses 
are  converted  into  schools)  as  supplements 
to  tbe  power  of  chimneys,  which  are  rarely 
adequate  to  thu  task  of  ventilating  such 
schools. 

The  annexed  Hgure  (Fig.  '2Q)  gives  a  sec- 
tional view  of  a  chimney  which  serves  to 
ventilate  a  hospital  at  Glasgow.  The  moiis 
of  masonry  is  pierced  with  Hues  for  the  dif- 
ferent 6replaces,  which  are  in  part  repre- 
sented. It  is  seen  that  an  opening  is  made 
in  ihe  upper  part  of  the  wall  of  each  room 
over  the  fireplace,  through  which  aireseape:^ 
into  the  chimney-rtue.  In  Fig.  'iH  two  rooms 
are  seen,  provided  with  channels  for  extract- 
log  air  (as  above)  througlt  tlitj  fireplace  and 
the  opening  over  it,  and  with  inlets  for  aif 
by  the  ceiling,  aud  over  and  under  the  sashes 
in  various  ways. 

Ventilation  by  pulsion,  as  well  as  by  ex- 


^ 
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traction,  requires  a  system  of 
ducts  or  flues  for  the  air,  and 
the  rules  for  the  size  and  pro- 
portions of  such  ducts  are  similar 
in  either  case. 

The  primary  ducts^  or  those 
connecting  with  tliu  room,  are 
smaller,  and  therefore  a  lower 
velocity  of  the  air  in  them  is 
suitable.  The  union  of  several 
dnotit  forms  a  larger  one  (second- 


ary duct),  in  which  the  air  may  move  more  rapidly  without  needless  waste 
of  force  by  friction.  In  the  draught-ohimney,  to  whinh  all  converge,  the 
rate  may  be  greater  still.     These  velocities,  beginning  with  that  of  a  foot 
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and  a  half  or  two  feet^  at  the  openings  from  the  rooms,  are  gradu 
to  soven  feot  per  second  (aay  '2  metres)  in  tJie  dniu|rht-chiinney. 

'Y\w  size  of  the  fluos  and  chimney  is  naturally  dependent^ 
amount  of  air  to  b«  drawn  through  them  and  the  veiocity.  ^M 
to  extract  ten  feet  per  5et:and  from  a  room,  and  have  allnwa^T 
of  two  feet  per  second  at  the  registers,  we  rct^uire  five  reg;uten 
foot  square. 

The  size  of  a  chimney  for  extracting  air  from  rooms  is  goT« 
the  amount  of  air  to  be  extracted.  Ilie  capacity  for  diacfaar^e  < 
on  several  factors :  firsts  the  volume  disch&i^d  ift  propoTi' 
transverse  sccttoa  of  the  chimney;  second,  ti  i«  propor;< 
square  root  of  the  height  of  the  column  of  air  contained;  and,  ihii 
nearly  proportionate  to  the  square  root  of  the  difference  betwi 
temperature  inside  of  the  chimney  and  that  of  the  outer  air. 

A  difference  of  20'*-30*'  C,  or36°-54''  F,,  between  the  chimi 


1>^0.  38.— Dia^nun  of  tystam  of  v«ntil«tuin  hj  extnction  :   C.  o«)lar  ;  A.  : 
Dootaiuiog  a  furnao«,  from  which  tlttr  tui  i»  led  b;  pipm  in  the  luii^  way.      Proml 
the  air  in  mora  pvuaa^  hcirisuntjmv  till  it  rcscbra  toe  cxhauftt-mbaft,  B,  wbrrc  ii  i 
Md«rftble  hoisht.      Upeningft  nnder  the  tettm  leu)  the  foal  air  to  a  point  which  eama 
with  the  abaft.    (Froni  BoK.) 

the  open  air,  is  required  in  order  to  secure  abundant  and  coo^f 
tilation.  In  summer,  therefore,  the  chimney  requires  to  bo  b^m 
liigher  point  than  in  winter^  in  order  to  give  an  equal  effect; 
words,  without  special  arrangements,  the  draught  will  beooc 
fiummcr.  Tlie  flue  of  a  cooking-stove,  or  some  other  beatiug-l 
may  be  used  temporarily  to  increase  draught.  A  permanent  soi 
heat,  by  summer  and  winter,  must  sUo  be  fumUbed,  in  onlur  to 
a  degree  of  uniformity  in  rusults.  There  will  he  days  when  a  ol 
not  specially  warmed  will  draw  well;  but  on  many  days  its  draag 
be  very  poor. indeed.  In  large  buildings  the  flu*?  of  a  furnace  maj 
used  as  to  heat  the  draught-chimney,  and  this  may  suffice;  but  son 
a  special  source  of  best  is  required — either  a  stove  or  coils  of^f 
hot-water  pipe.     The  heating  by  pipes,  however,  is  quite  expetwM 
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Fig.  26  gives  an  illuBtration  of  this  method  in  a  very  simple  form. 
Another  application,  still  simpler,  is  seen  in  Fig  16. 

It  will  be  understood  that  extraction  can  be  accomplished  bymoohani- 
rat  means  as  readily  as  by  heat,  and  the  same  chimney  or  shaft  may  be 
used  for  discliargc,  if  necessary. 

In  Figs.  29-32  is  represented  a  system  of  ventilation  said  to  be  very 
fincceasfiil.  Tt  appears  to  me  inadequate  in  one  ]>oint»  but  is  interesting. 
The  first  (if  tlie  figures  gives  a  view  of  the  arrangement  in  sxnnnier.  Cold 
air  is  admitted  by  the  passage  marked  A^  and  rises  without  conlaot  wilh 
the  heaters,  through  the  valve  at  '-',  into  the  lower  part  of  the  niom.  Be- 
coming warmer  by  contact 
with  the  bodies  of  the  pu- 
pils, its  natural  tendency 
IB  to  rise.  It  leaves  the 
room  at  «S,  and  is  drawn 
down  to  Jvy  and  through 
the  valve  there  represent- 
ed,  by  the  suctional  force 
of  a  chimnev- 

In  spring  and  autumn, 
when  the  temperature  of 
a  room  containing  people 
is  higher  than  that  of  the 
outer  air,  the  arrangement 
is  as  in  Fig.  30.  I'he  cool 
air  passes,  from  A  through 
//,  into  the  room,  and 
sinks;  the  warm  air  of  the 
room  rises  through  the 
opening,  S^  into  the  shaft, 
where  it  passes  through  D 
into  an  attic  story,  whence 
it  is  discharged  into  the 
outer  air.  It  is,  perhaps, 
questionable  whether  the 
draught  produced  by  the  natural  difference  of  temperature  is  adetjuate  to 
the  task  exacted  of  it.  A  more  active  circulation  is  produced  by  letting 
the  air  ent«r  at  C  instead  of  IT. 

In  Fig.  31  the  winter  system  is  given.  The  heated  air  enters  the  room 
at  the  top,  //,  and  leaves  at  C\  after  parting  with  some  of  its  heat.  The 
ejection  of  the  air  is  effected  by  simply  letting  it  rise  through  IJ  by  virtue 
of  its  levity.  The  principle  is  perfectly  correct,  provided  the  air  outside 
is  enough  colder  than  that  inside;  but  that  being  a  very  variable  factor, 
the  force  of  the  draught  must  vary  nlso  with  the  weather.  The  argu- 
ments for  the  necessity  of  an  artificial  heating  of  the  draught-chimney 
are  given  elsewhere. 

In  Fig.  32  the  school  is  dismissed  and  the  room  closed.     The  fire  may 


rio.  ■»'S<. — VcnlihiLiijij  uf  the  Aaniii  Ui;Blsi.'tmle  ju  LUcft- 
deo  (•ummer). 


Fia.  31).— iapriog  and  luibuma  Teotilktioii. 

tons,  by  bells  plunged  in 
water,  by  jets  of  steam  or 
compresaed  air  urging  a 
current  of  air,  etc.  The 
most  common  methods  for 
buildings  are  those  whiuh 
use  a  helix  (acrew)  or  fan. 
While  extraction  by  a 
chimnor  is  apparently  a 
more  natural  mctboti,  the 
application  of  mechanieal 
force  in  pulsion  (or  extrac- 
tion, for  it  is  equally  appli* 
cable  to  either)  ia  said  to 
be  less  costly  under  many 
circumstances.  D  e  g  e  n 
conHidcrs  tliat  economy  ia 
gained  by  using  a  machine 
run  by  steam,  instead  of  a 
draught-chimney,  in  most 
oases  where  there  are  over 
one  hundred  inmates  in  a 
public  institution.  Peclet, 


be  slnoLcened  or  let  go  out; 
the  circalation  goea  on  in 
the  room  without  resouval 
of  air.  Moderately  warmed 
air  enters  from  the  for* 
nace  by  7/,  )eAve«  tbe  nora 
by  C  and  re-enters  the 
furnace. 

In  summer  otUr  is  the 
heated  drauj^ht-ohimnoj 
in  ii»e,  and  the  valri^  opeo 
at  K.  The  opposite  p»c- 
tioe  would  prol»«bly  pn*- 
rail  among  us,  where  open 
windows  are  so  muob  fa- 
vored; but  the  use  of  •«• 
piraticm,  oven  in  summer 
(perhaps  more  so  tbati  at 
any  other  time),  is  i-ery 
desirable  in  frohooU. 

J^iUioti  is  effected  in 
a  variety  of  ways  —  by 
pneumatic  wheels^  by  pis- 
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in  similar  cases,  speaks  of  the  cost  of  aspiration  as  much  greater  than 
that  of  the  interest  on  the  price  of  the  rnac'Iiine,  with  expenses  fur  rtpairs, 
wages  of  fireman^  »iid  fuel.  For  smaH  schuols,  and  for  dwelliitgs.  It  is 
not  likely  that  machine- ventilation  will  be  found  suitable;  but  in  hirger 
schools,  and  in  halls  of  assembly,  the  mechanical  method  is  very  desirable. 
Its  advant&ges  are  the  fultuwing  : 

It  gives  a  definite  and  certain  result  each  hour,  uninfluenced  by  differ- 
ences of  the  temperature,  and  susceptible  of  being  watched  over  at  all 
times.  It  is  free  from  the  influence  of  the  wind,  which  very  largely  in- 
lluencea  the  action  of  a  chimney,  and  may  cause  one  to  draw  twice  as 
much  as  another  at  the  same  time  and  place,  if  the  exposure  is  different. 
Even  reversal  is  possible 
in  well-arranged  chimneys, 
though  not  if  they  are  kept 
well  heated. 

The  Johns  Hopkins 
iloapital  at  Baltimore  is 
furnished  with  means  for 
extraction,  by  two  chim- 
neys, and  for  propulsion, 
by  a  fan.  In  regard  to  the 
former,  the  report  of  Feb. 
13,  1878,  states  that — 

"  The  experience  gained 
by  daily  observations,  con- 
tinued over  rather  more 
than  one  year,  on  the  sub- 
ject of  the  practical  work- 
ings of  the  anpiratory  sys- 
tem, goes  to  show  thiit  the 
movements  of  the  currents 
are  exceedingly  diverse, 
and  that  the  conditions 
presented  at  one  time,  and 
those  at  another,  gave 
widely  different  result*. 

"A  high  barometer,  and  a  low  relative  humidity,  with  either  high  or 
low  temperature,  seem  to  be  the  first  essential,  for  a  satisfactory  unas- 
sisted aspiration  [i.e.,  without  warming  the  elnmney];  as  the  relative 
humidity  increases,  the  asptratioti  flags,  and,  on  days  with  the  barometer 
below  its  normal  average,  and  great  humidity,  it  becomes  necessary  to 
employ  assistance  to  the  aspiration. 

"The  direction  and  fnme  of  the  winds  have  shown  thf^mselves  to  be 
important  factors  in  tlie  matter.  Aspiratiun  in  tins  building  is  always 
satisfactory  with  the  wind  from  the  points  S.  W.,  W.,  N.  \V.,  N.,  and 
N.  E.  As  regards  the  remaining  points  of  the  com]>ass,  the  reverse  is 
generally  true.     This  may,  perhaps,  be  explained  by  the  fact  that  tlio 


Fig.  o'2. — Huu-^  cIo^lU- 
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first-named  winds  are  almost  always  dry,  and  tho  laat  more  or  3 
Kxci'ptionally  wt*   have  ^nod  aapiratioii   with  an   eaal  trind;  ba 
tlien   be   famid  that  llie  cbiuuiey   is  kept  dry  by  inoana  uf  th« 
firea, 

"On  very  quiet  days,  with  ordinarily  high  barometer,  law  hu! 
and  big'h  or    If>w   lomperaittm,   aspiration,    unaftsistcd,   contiiiuea 
while  quiet  days,  with  reversed  cundlliuDs,  givv  reversed   results 
thetie  observations,  drawn  frum  practice,  it  would  appear  that  df 
also  an  essential  factor. 

**Oneo(  the  aspirating'  chimneys  of  thia  building  receiv«>a  inti 
central  flue  tho  products  of  contlmstion  of  a  furnace  used  for  the , 
of  water;  tho  aaine  flue  is  also  oonneoled  with  tbA  kitchen  ruij 
or  both  these  flues  are  in  constant  use,  summer  and  winter,  nl 
day;  consequently  the  chimney  is  kept  quite  or  ncjirly  dry,  and  iu 
rating  power  is  rarely  at  fault.  The  other  chimney  iH  not  directlT 
Dcctod  with  any  constant  source  of  heat,  particularly  during-  the  sud 
season,  but  is  connected  with  the  engine-furnace  and  boiler:  all  tbei 
steam  from  this  source  escapes  by  means  of  this  flue,  and,  in  ibe  aU 
of  heat,  tends  to  condense  u]>on  the  interior  of  the  chiairiey,  aod  r« 
it  moist.  As  a  consequence  of  this,  and  a  lack  of  direct  heat,  e^>e< 
in  tho  summer  season,  the  aspiration  is  frequently  imperfect,  and  mm 
the  use  of  a  grato  at  the  foot  of  the  flue  already  mentioned.  ^M 

*'\Vith  the  central  flues  well  warmed  by  heat  from  any  source,  0 
ing  dryness,  wc  have  never  experienced  any  difficulty  in  aecurui|^^ 
upward  draught  and  satisfactory  aspiration.  ^| 

*'  Under  the  conditions  of  unassisted  aspiration  tho  upwart]  rnovM 
of  air  in  tho  chimneys,  as  determined  by  I  he  anemometer,  has  m 
from  a  barely  perceptible  current  to  387  feet  per  minute,  the  latterl 
the  highest  recorded  velocity,  and  deduced  from  the  mean  of  iliese  oi 
vationsmade  at  three  poiutsof  elevation.  With  brisk  fires  burning  m 
bases  of  the  chimneys,  and  an  average  tenqwrature  within  the  can 
82°  F.,  the  highest  recorded  observation  is  700  feet  per  minute.^i 
aider  a  mean  velocity  of  180  feet  per  minute  to  be  nearly  a  rorrect^f 
for  long  periods,  under  the  usual  varying  conditioua,  and  iholudjnfr 
natural  and  assisted  aspirution." 

Distribution  of  air, — Tho  openings  and  ducts  in  ordinary  biiilii 
are  almost  invariably  too  ainaU.  Frequently  they  lead  to  no  oatlot. 
some  cases  suflicient  channels  exist;  but,  from  motives  of  **  economy, 
heat  has  been  supplied  to  warm  them.  The  air  8upplie<l  may  onter 
point  just  under  the  point  of  exit,  so  as  to  compel  the  closure  of  i\ 
in  order  to  retain  the  warmth.  The  air  may  be  derived  wholly 
furnace  which  possesses  no  arrangement  for  mingling  cold  with  ' 
In  this  case,  when  tho  register  delivers  too  warm  air,  the  only  roaouc 
to  close  it,  and  thu.s  lose  a  good  part  of  the  supply  of  fresh  air, 
common  sense  is  violated  in  all  ways. 

The  tisual  [llace  for  the  duuta  is  in  the  floor.  The  space  beCweea 
joists  is  very  convenient  for  the  purpose.     A  hall  or  tcbool-room 
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charg-e  its  air  through  a  set  of  small  registers  dotted  over  the  floor  at  equal 
distances^  each  cammuiiicating  with  one  of  tliese  Hues  under  the  iloor. 
The  air  in  these  flues  may  be  collected  in  a  central  trunk-Hue,  or  in  two 
aide-flues  running  along  by  the  walls;  it  then  passes  to  the  draught -chim- 
ney by  a  direct  or  circuitous  puth.  The  combination  of  channels  for  fits- 
charge  in  t\i&ji<Jor,  with  openings  for  admission  of  warm  air  at  the  ceii- 
i$ig,  ia  characteristic  of  Morin^s  system,  which  is,  on  the  whole,  probably 
the  best. 

The  reader,  however,  must  be  aware  that  the  opposite  system  is  ex- 
tremely common,  and  has  some  good  reasons  in  its  favor.  It  is  usual,  at 
present,  in  houses  and  sohools,  to  place  the  hot-air  registers  near  or  at  the 
floor,  and  the  "  ventilators  "  near  or  at  the  ceiling.  A  few  of  the  points 
connected  with  this  question  will  be  herR  rliscussed. 

1.  Shall  we  warm  the  air  l>efore  bringing  it  into  the  room  ?  The 
answer  is  almost  wholly  affirmative.  The  introduction  of  air  by  windows 
must  be  considered  as  supplementary  to  a  system  of  extraction  or  pulsion. 
Cold  air,  intnxiuced  in  an  amount  sufticient  to  renew  the  contents  of  the 
room  ever>'  fifteen  minutes  or  less,  as  is  often  requisite  in  full  rooms, 
would  often  be  very  dangerous  to  the  inmates.  Of  course  this  statement 
is  relative,  and  in  the  case  of  theatres,  where  a  comfortable  temperature 
has  once  been  established,  it  will  suffice  to  supply  air  at  50°  or  00°  F. 

2.  Shall  we  introduce  the  warmed  air  at  the  top  or  at  the  bottom  of 
the  room  ?  Morin  introduces  it  at  the  top,  and  expects  to  secure  thereby 
an  equable  and  aoniewhat  rapid  passage  of  the  entire  muss  of  air  in  the 
room  from  the  upper  to  the  lower  level,  where  it  is  extracted  by  the  suc- 
tional  force  of  the  chimney  acting  through  the  ducts  and  Iloor  registers. 
There  are  some  objections  to  this  plan,  which  should  be  mentioned.  In 
the  first  place,  the  heated  air  becomes  considerably  cooled  before  reaching 
the  Hoor,  which  is  very  urjdesirable.  This  would  not  be  oiucb  noticed  in 
a  room  over  another  warm  room. 

On  the  other  liand,  an  exclusive  ventilation  in  the  upward  direction, 
allowing  the  air  to  pass  freely  through  the  roof  or  ceiling,  may  easily  be  be- 
lieved to  be  wasteful  of  heat;  such  a  method,  however,  ia  actually  In  use  in 
varioiis  places,  on  a  Urge  scale,  with  success.  A  very  good  recent  instance 
is  found  in  the  Boston  City  Hospital,  in  which  the  structure  of  the  new 
surgical  wards,  and  the  results  of  a  series  of  physiiml  and  chemical  obser- 
vations upon  the  contained  air  of  one  ward,  as  given  in  the  words  of  Dr. 
Cowles,  are  as  follows: 

"  The  building  in  which  the  obser^'ations  were  made  contains  one  ward, 
i>4.x2G^  feet  in  the  clear,  which  has  seven  oppr^site  windows  and  fourteen 
beds  on  each  side.  The  windows  have  double  sashes.  The  height  of  the 
ward  from  the  floor  to  the  centre  of  the  arched  ceiling  is  twenty  feet,  or 
an  average  of  IBA'i  feet.  Kach  bed  has  a  floor-area  of  88.45  square  feet, 
and  an  air-space  of  1,629  cubic  feet.  The  total  air-space  of  the  room  is 
About  45,600  cubic  feet. 

*' There  is  an  open  free  air-space,  containing  only  heating-apparatus, 
nnder  the  ward.     The  cold  air  is  introduced  through  openings  in  the  outer 
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basoment  walls,  and  passes  iinmcdtatety  over  the  steam-radia 
wliicli  thftre  is  a  separate  one  for  every  Que.  Tlie  air  then  eni 
ward  oiiiy  ihruugfa  uptjniii^e  under  eat^b  window — fourteen  in  al 
inlet  e<{ual  to  one  square  foot  of  clear  opening.  Each  ateam-nd 
The  basement  is  encased  with  galvanized  iron,  forming  a  small  obai 
which  a  switch-valve  directs  the  fresh  air,  so  thai  it  trasses  cither  ' 
the  coil,  80  as  tu  be  wanned,  or  uuwarmed  directly  into  the  flue 
A  wire  attached  to  the  switch-valve  leads  to  the  room  above, 
by  the  use  of  a  key,  the  valve  can  be  adjusted  to  alter  the  t 
lure  of  the  air  entering  the  ward.  The  volume  of  entering  air 
changed  only  by  opening  or  closing  a  Hliding-valvc  and  covering  t 
through  the  basement  watt  ;  and  this  is  under  the  sole  cbarg< 
engineer. 

"The  foul  air  escapes  through  five  large  openings  along  the  a 
the  arched  celling,  each  ab<iut  three  by  six  feet — total  clear  upenioj 
nine  square  feet — into  the  ridgc-cbambcr.  and  thence  eitiier  tbr« 
free  openings  in  the  sides  of  the  chamber,  itbove  the  roof,  or  thro 
ventilators,  each  two  feet  in  diameter,  on  the  top  of  the  ridge,  j 
total  of  clear  outlet  opening  of  fifteen  squnre  feet.  Tlic  aide  open 
closed  in  winter,  when  also  the  openings  in  the  llour  of  the  chain 
be  partly  or  wholly  closed,  and  the  ventilation  aided  by  the  flues,  I 
in  number,  in  the  outer  walls  of  ttie  building.  These  side  flues  | 
practice  not  to  work  unless  the  opcningi*  in  tin;  ceiling  are  eali/>;li 
The  venlilating-chamber  is  wanned,  when  necessary,  by  steam-pi] 

A  series  of  observatioim  were  taken  iu  this  ward,  covering  thi 
of  a  week,  the  temperature  of  the  outer  air  ranging  from  IR*  1*',  tc 
the  humidity,  from  31  to  J(K)  per  cetiL  of  saturation;  and  the  atxiw 
pressure  varying  considerably.  The  hourly  supply  of  air  jiar  I 
found  to  be  continuously  sunietbing  more  than  nine  thousand  oul 
Great  uniformity  of  the  air-supply  was  ubser^'ed,  which  was  secure 
justing  the  slides  covering  the  fresh-air  inlets,  once,  twice,  (T  three 
day.  Taken  with  all  pn-vious  ob64T\'ati(>ns,  lh»  avt*nige  of  figliM 
cubic  feet  per  head  per  hour  was  found. 

Analyses  of  the  air  for  carbonic  acid,  by  Professor  Kdwar 
made  between  December  10,  1S78,  and  January  19, 1.S79,  gavo  the 
ing  results: 
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The  fourth  of  this  series  was  selected  as  lying  (Mrectly  in  the  track  of 
the  current  of  fresh  air  from  tlie  registers;  its  result  (.O.'i'ifi  of  CO,)  shows 
that  the  current  had  become  tlioroughly  mixed  with  the  air  of  the  room 
before  reachiug  that  ]>oint.  In  connection  with  other  experiments,  a  con- 
stant upward  motion  of  the  whole  air  of  the  room  seems  to  exist,  with 
constant  replacement  by  fresh  air,  pertnilting'  no  stagnant  areaji,  and  with 
excellent  difiTusIon  of  tho  fresh  air  and  dilution  of  the  foul  air. 

Allowing  for  the  presence  of  thirty-eight  persons  in  the  ward,  the  air 
wu  changed  effectively  3.81}  times  per  hour  per  head,  or  {11^  times  in 
twenty-four  hours.  The  measured  volume  of  air  entering  was  an  average 
of  0,894  cubic  feet  per  head,  against  4,580,  calculated  from  the  respiratory 
impurity,  showing  that  78  per  cent,  of  the  entering  air  ts actually  iitiliKed, 
and  that  its  diffusion  and  the  dilution  of  the  foul  air  is  excellent. 
■  From  the  f/eneral  avarat/e  of  all  analyses  made  in  the  ward,  the  mean 

*  carbonic  acid  was  found  to  be  .0605  per  cent.,  of  which  .0180  should  be 
oocsidered  as  originating  in  respiratory  impurity;  the  air-aupply  per  hea<l, 
3,333  cubic  feet  hourly;  air  of  room  effectively  changed  2.77^^  times  an 
hour,  or  GC^  times  in  twenty-four  hours.     This  is  excellent  ventilation. 

It  has  been  a  question  what  part  of  the  room  contains  the  worst  air, 
and  for  that  reason  is  the  most  suitable  place  for  extracting  air. 

Carbonic  acid  ia  often  .supposed  to  sink  to  the  floor  of  a  room  by  vir- 
tue of  its  superior  gravity.  Others  have  insisted  that,  as  an  ingredient 
of  ;he  mixed  wanned  gases  of  the  breath,  it  possesses  a  levity  superior  to 
tb&t  of  the  air  at  70°,  and  must  rise  to  the  ceiling.  The  latter  is  strictly 
the  fact,  from  an  abstract  point  of  view.  A  higher  percentage  of  CO,  is 
often  found  at  the  ceiling  than  at  the  floor.  This  law,  however,  is  greatly 
modified,  in  many  cases,  by  the  mixture  with  the  ur  of  the  room  whicli 
the  breath  must  undergo  iti  rising  through  six  or  eight  feet  of  air,  and 
alao  by  accidentaJ  currents  in  the  air,  which  drive  it  laterally  back  and 
forth. 

Marcker,'  tn  two  examinations  (of  a  cow-house  and  a  stable  for  horses), 
obtained  the  following  results,  pointing  to  a  great  equality  of  diffu- 
•ioD : 


Hei^t  from 
KToond. 

Metrw. 

I. 

n. 

ni. 

rv. 

T. 

o.OO 

.00132 
.00139 

.00074 
.00076 

.00171 
.00171 

.00090 
.00086 

.0007 
.0007 

'  (TBtersucIiiuigeQabernatUrl.  Ventilation  oad  die  Poroaitat  •iii%erBaammt«rialieu. 
Jonm.  f.  Laudwirtbsch.,  19.  Jabrg. 
Vol.  I.-46 
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H  'jghi  from  ground, 

UctrcH. 

L 

n. 

HL 

1.16 
2.32 
3.48 

,  .00079 

.00OT8 
.00078 

.00071 
,00072 

.0006? 
.DOOM 

Breiting '  made  the  following  ob&er\iitions   in  a  school- 
figures  giTe  the  number  of  parts  in   10,000.     A  very  steady  mil* 
ing  45  minutes  of  observation  U  seen,  while  the  differenec  beiwi 
ftnd  ceiling  is  not  so  groat  as  to  be  of  practical  importance. 


.;me  in  minutes.. 


Floor 

Ceiling 


6.56 


7.13 


IS 


17 


7.45.. 

..7.86 


%2 


8.01 


39 


18.09 


33 


8.32 


41 


s.ik  ,■ 

the  CoH 


Schiirmunn"  has  a  table  of  sixteen  observations  upon  the  ^'U»j 
*!r  of  wurksiiups  and  bedrooiua,  whicli  tend  to  stippon  Pettenk* 
statement,  thai  tho  proportion  is  greater  at  the  ceiling  than  at  the  f 

Parkcs  simply  states  that,  according  to  Lassaigne,  Pettenkofer 
Roscoe,  the  carbonic  acid  of  respiration  is  equally  diffused  throug 
air  of  a  room. 

An  illustration  of  the  way  in  which  diffusion  of  carbonic-acid 
occurs  in  a  room  was  attempted  by  Forster  and  Voit.'  In  a  room, 
taining  about  6,700  cubic  feelpf  air,  two  or  three  kilograms  of  earboni< 
were  produced  sa  rapidly  as  posttiblc  by  pouring  bicarbonate  of  soda 
concentrated  sulphuric  acid.  \^*hen  the  gas  ceased  to  escape,  the  t 
tiie  room  was  tested  at  the  floor,  the  middle,  and  the  ceiling,  at  i 
points  on  each  level,  making  nine  simultaneous  observations.  Ooi 
server  was  stationed  at  each  point,  and  alt  remained  at  their  post  wil 
moving  (or  fifti-en  minutes,  when  the  tost  was  repeated.  By  these 
cautions  a  tolerable  freedom  from  accidental  currents  of  air  was  seci 
Tho  contents  pur  10,000  were  found  to  be  ai>  follows  ;  ^. 

Fint  obMrratUxL  After  15  mmol^^ 

Ceiling 28  vols. 

Middle 16     '* 

Floor. 233     " 


After  15  mmob 
40  votik 
33     " 
214     " 


'  tJuten.  betreffond  den  Kohleiuaureffehali  der   Lafb  ia  Sohalxbnnifl 
:871. 

'  4.  and  9.  Jahr««l>ec.  der  chsm.  CeateaUt«Ue  fUr  uffentUfib4 
DreadeD. 

>  SflitKhrift  for  Biolotn«. 
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depended  on  for  an  emergency  re- 
quiring a  great  but  temporary  in- 
crea^  of  ventilating  power. 

Uerter  givRs  tiis  opinion  as  fol- 
lows: '*  The  choice  between  the 
different  systems  depends  upon  the 
severity  of  cho  requirements^  and 
upon  the  site  and  construction  of 
the  building.  Diflfereat  ones  may 
produLQ  a  nearly  equivalent  effect, 
under  rarious  circumstances.  Aside 
from  this,  mechanical  pulsion,  com- 
bined with  simple  (or,  better,  with 
mechanical)  aspiration,  deserves  the 
preference.  This  combined  system 
works  with  more  certainty  and  con- 
stancy, delivers  a  better  quality  of 
air,  is  accompanied  by  fewi*r  incon- 
veniences, is  easier  to  oversee,  and 
in  large  edifices  is  clieapur,  than 
other  systems  in  the  same  circum- 
Btances. 

"  The  other  systems  may  be 
mentioned  as  valuable  in  the  follow- 
ing order:  mechanical  puUion,  me- 
chanical aspiration,  aspiration  by 
difference  of  temperature,  ventila- 
tion by  mantel-stove:)  in  connection 
with  Sherringham's  and  Amold^s 
valves,  Gallon's  vent  Hat  ing-stove, 
ridge-pole  ventiUiioti,  and,  (inalty, 
Watson's,  Kind's,  an<l  other  similar 
ventilators  in  connection  witli  M'ol- 
p«rt*8  caps. 


!  CiL^AR 


£WG//VtS 


Piu.    XI — ^bciuv  of    TentiU[ii>Q    uf    iha 

"  grande  ulle  dcfl  Utcn'^  ('I'rocuiiiro)  nt  tho 

Bxpo*!tlon  At  Paris,  ItW.    IJronnii  plan:   A, 

One  of  the  latest  applications  of      shaft  to  admit  att ;  X.  place  for  fan,  todnw 

4l.- ™k;.™„*; ^t    ...  1    •  I  air  from  A  wi'i  wnd  it  to  B;   U,  abaft  lead- 

this  combination  of  pulsion  and  ox-  irg  todotoe,  where  it  cnton  thcaodiloriom; 
traction  is  found  in  the  palace  of  O,  ahaft  to  rpcrive  foul  air  from  duota  iu 
the  Trocad^ro.     This  building  seats 

an  audience  of  5,000  persons.    The  problem  placed  before  the  arohitocts 
was,  to  furnish  40  cubic  metres  of  air  per  hour  to  each  person,  or  200,000 
cubto  metres  in  all — that  is,  50  cubic  metres  per  second,  or  nearly  ^,000 
tU 
In  the  first  place,  the  direction  of  the  currents  of  fresh  air  was  to  be 
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determined.  It  seemed  at  once  erident  to  the  d«signer«  thmt  tlio  ttuu- 
tity  named  could  not  be  introduced  at  iJie  level  of  thn  audience  without 
causing  serious  inconvenience  ;  while  that  amount*  jf  e-Xtnurted  by 
ducts,  need  cause  no  perceptible  draught*  as  the  effect  of  air  0Dt4*HaK  I 
very  different  from  that  of  air  in  the  act  of  leaving  a  room.  F-w 
pose  of  extraction,  5.(MKt  openings  were  made  in  the  flo<»r,  to  - 
(greatest  [Kjsftible  rt<^ularity  in  the  process. 

The  next  question  was:  ''8haU  it  be  propulsion  or  eahattstion?^ 
The  latter  would  have  given  rise  to  very  disagreeable  draughts,  vben<*T 
any  doors  ft^r  entrance  into  the  auditorium  were  opened.  This  objertli 
does  not  exist  in  the  case  of  propulsion,  and  pmpuUion  waa  tbertfu 
adopted;  but  it  was  calculated  that  exoeosiTe  friction  would  be  derelc 
in  the  working,  and  that  an  increase  of  atmospheric  pressure  in  thr  ha 
would  be  priKluced,  equal  to  C  millimetrea  of  water  or  G  kiiiiigraujN  In  lla 
aquare  metre,  with  tendency  to  abnormal  exit  of  air  by  crevic««a.  Tb» 
joctiona  on  this  ground  were  overcome  by  adding  extractiun  to  palao 
thereby  "decomposing  the  pressure  into  two,  a  positive  and  a  ne^rirv^ 
— a  pressure  inward  at  the  potut  of  introduction,  and  a  "suction  "  oylwmrJ* 
at  the  point  of  exit. 

Three  chimneys  or  shafts  are  placed  in  a  space  between  the  auditorii 
and  the  outer  wall  of  the  hons<>.  Shaft  A  introduces  pure  air:  itdeMt 
to  the  lowest  part  of  the  excavations  under  the  house,  and  rtarv  fo  l 
highest  point  of  the  roof,  and  receives  air  by  registvra  at  suitable  pointi, 
ur  at  will  directly  from  above  the  roof,  or  from  the  underground  negwni, 
where  there  is  perfectly  pure  air,  and  a  vast  surface  for  cooling  it  in  cont- 
mer  or  warming  it  in  winter.  This  gives  an  economy  of  fuel,  i?  in  tho 
Hhaft  which  conveys  the  fresh  air  to  the  top  of  the  building  (it  is  form! 
into  i?  by  a  fan  at  -V).  where,  passing  through  the  central  spherical  eaiolie 
in  the  vault,  it  is  thrown  into  the  upper  part  of  the  auditorium  anij  dr- 
scends  to  the  6oor.  Then  it  passes  through  ducts  to  C,  a  third  shaft, 
where  a  second  fun  forces  it  up  to  the  central  lantern  on  the  top  of  iho 
grand  hall,  where  it  is  discharged. 

In  order  to  equalize  the  friction  in  all  the  floor-ducts  aa  far  oa  poasib 
they  have  been  arranged  in  a  tree-like  form,  so  that  the  air  in  each  m'w 
duct  shall  have  an  equal  dtKtance  to  pass  before  reaching  the  fan. 
seats  near  the  main  outlet  are  not  ventilated  directly  into  the  firincif 
oonduit;  but  all  converge  to  a  sort  of  centre  of  gravity  or  mean  point  i 
the  surface  of  the  parquet  or  boxes. 

The  aspirat<ir-ducts  terminate  in  the  hall  in  vertical  tubes,  pifroed  i 
different  heights,  which  prevents  their  being  closed  by  dust,  or  by  ! 
dress  of  the  audience.     The  tube«  occupy  the  triangular  *p«o«*  bvtwaco 
the  backs  of  adjacent  chairs. 

The  vcntilating-mnrhines  used  for  mines  were  found  too  noiay,  and  m 
most  cases  far  from  satisfactory  in  performance.  The  helix  was  therefore 
ohosen  aa  the  most  simple, •economical,  and  noiaeiess. 

Contrary  to  what  might  be  anticipated,  the  air  from  the  undergrooikd 
regions  was  found  uncomfortably  cool  in  summer  weather,  and  had  to  he 
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used  very  sparingly;  a  lowering  of  the  temperaiure  of  the  hall  3**  or  4* 
(C.  or  R)  below  thftt  of  the  outer  air  became  at  once  a  source  of  annoy* 
anoe  to  the  audience,  even  on  warm  days. 

"It  is  in  the   ducility  of  the  mechanical  organs  employed  that  the 
superiority  of  the  syatem  resides."  ' 

The  new  opera-house  at  Vienna  receives  its  supply  of  air  from  the 
basements.  In  the  figure,  P  represents  the  point  for  admisiiion  of  air. 
A  helix,  driven  by  a  fan  of  twelve  horse-power,  forces  thi;  air  by  seven 
pipes  from  the  lower  to  the  upper  cellar,  whence  it  is  disciiargod  into  the 
parterre  and  boxes.  The  pipes  measure  one  metre  In  diameter;  the  nia- 
-  chine  is  capable  of  furnishing,  according  to  need,  from  40,000  to  1^0,000 
I   cubic  metres  of  air  per  hour. 

■  Between   the  lower  and  the  upper  stories  fif  th*^  cellar  is  a  story  in 

I    which  the  air,  in  winter,  circulates  uTtd  is  heated,  before  being  taken  up 
H   into  the  upper  cellar.     The  middle  story  is  marked  C  in  the  diagram. 


PlQ.  34. 

The  pipes  are  seen  provided  with  covers  for  regulating  the  amount  of 
air  passing  to  the  upper  ecllttr,  and  therefore  controlling  the  ventilation 
of  the  hall.  -  The  subterranean  chambers  are  of  use  iti  cooling  the  air  in 
summer  and  warming  it  in  winter.  The  building  is  well  known  as  a  suc- 
cessfully ventilated  structure. 

A  somewhat  expensive,  but  seemingly  successful  attempt  to  supply 
fresh  air  where  it  is  most  wanted,  has  been  made  in  an  opera-house  in 

'  Tba  ddsoriptloQ  and  figure  axe  taken  froni  '*  Le  PikUu  da  Trocad^ro,"  bjr  special 
penniasioD  of  Prof.  Wm.  Wataoa,  member  of  Uie  jiii/. 
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Chicago.  It  consists  of  a  set  of  jointed  moUl  tubtw  like  th«  oni 
little  hydrants,  one  of  which  is  aiippli«d  in  frout  of  each  seat,  and 
turned  by  tbc  occupant  bo  as  to  send  its  jet  of  frvab  air  in  his  (ao 
some  other  direction  If  dcsir«d.  Force  is  used  to  drire  the  air  hi 
haU. 

The  ventilatioD  of  the  Hall  of  Ropresentatives  of  the  United 
presents  valuable  points  for  consideration.  In  the  following  Htmt 
use  has  been  made  of  Robert  Briggs'  report. 

The  hall  rcqttiros  no  heating^  being  surrounded  by  conridora  am] 
which  are  always  kept  at  summer  heat,  and  with  a  warmed  basem* 
a  ceiling  well  protected  by  a  Urge  air  space  covered  with  a  oopp4 
The  problem  is,  rather,  how  to  cool  the  hall,  with  inmates  nan 
from  500  to  K600.  and  how  to  introduce  from  50.000  to  100,00( 
feet  of  comparatively  cool  air  every  minute  among  and  in  comp 
proximity  to  these  persons  without  producing  a  sensible  draught. 

"After  much  deliberation  it  was  concluded  to  attempt  the  sa] 
most  of  the  air  for  ventilation  from  registers  (mouths  of  entry  pl4 
and  about  the  lower  floor  of  the  hall),  and  to  pennit  the  galle 
derive  their  supply  mainly  from  the  columns  of  air  ascending, 
space  which  they  surround.  The  nearest  approach  to  a  unifor 
tion  would,  of  course,  have  been  attained  by  the  perforated  flooM 
ous  carpet  of  the  House  of  Lords,  England  :  but  the  Iiabitsof  our 
in  the  use  of  tobacco  put  this  method  out  of  the  question,  and  th 
objection  attached  to  numerous  small  open  registers,  and  the  best  a 
ment  seemed  to  be  a  compromise.  The  floor  of  the  hall  had  pli 
or  wide  steps,  upon  which  the  seatsof  the  members  are  placed,  an< 
are  so  constructed  as  to  form  semicitrlr^  around  the  S}>eaker*s  d« 
desk  being  placed  in  the  middle  of  one  side  pf  the  hall),  and  thei 
three  radial  inclined,  and  two  other  straight  passages  or  aisles,  wh 
from  the  highest  platform  to  the  forum — Speaker's  desk — in  front 
the  sides  of  the  floor.  The  arrangement  ....  gave  seven  risers  a 
inches  high  each.  The  aisles  began  with  a  step  of  seven  inches  ri 
thus  had  a  very  gradual  descent  of  fourteen  inches  to  the  forum  ;  « 
construction  gave  an  end  or  side  riser  of  varying  height  where  eac 
form  joined  the  aisle. 

**  For  the  purpose  of  avoiding  the  abuses  of  honxontal  grati 
registers,  and  yet  to  preserve  the  vertical  direction  of  the  currents 
these  end  risers  to  the  platform  (side  risers  on  the  aisle)  were  araj 
as  the  places  of  entrance  of  fn-sh  air;  and  as  the  aisles  were  but  I 
four  feet  in  width,  the  strong  horizontal  currents  from  the  opposit 
would  encounter  and  ncutr&lixe  each  other:  the  intermingled  air 
have  the  desired  direction  u))wards,  and  be  so  much  spread  out  ai 
of  air,  as  to  have  a  relatively  low  velocity  of  ascent.  This 
gave  three  main  radial  sheets  of  ascending  air  in  the  l>ody  of 
another  main  sheet  of  the  same  kind  along  the  side  on  which  tin 
desk  is  placed.  Other  registers  wcm  placed  at  the  base  of  tb«  , 
wall,  which  were  screened  by  covers  opening  downwards;  and  to  | 
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an  ascending  current  in  the  corners,  outside  tbe  semicircle  of  the  pl&t- 
forms,  large  floor-reg-istors  were  subsftqiicntly  inserted  in  ftanh  »if  tli«iu. 
.  .  .  .  Much  the  greater  part  of  the  air  was  made  to  enter  at  the  floor 
of  the  hall,  so  that  members  had  the  advantage  of  the  first  entry  of  air 
into  the  room.  This  distribution  of  the  reg'isters  provided  that  in  no  case 
was  a  current  of  air  directed  against  uny  person  occupying  a  seat  in  the 
hall,  either  on  the  floor  or  in  the  galleries. 

•*  The  velocity  of  flow  through  the  apertures  in  the  gratings  was  very 
high  {L  e.y  40  feet  per  second  with  summer  ventilation  of  100,000  ciibio 
feet  per  minute),  but  witliin  three  or  four  inches  of  tbe  apertures  the 
velocity  would  fall  off  three  or  four  times,  by  enlargement  or  spreading 
of  the  stream  of  air,  while  the  practical  result  of  the  opposing  currents 
was  to  make,  at  each  aisle,  a  main  aseendtnt^  sheet  of  eighteen  inches  to 
two  feet  in  thickness,  within  two  feet  of  the  aisle  floor. 

"  The  proj)or  vertical  direction  and  unifonnity  of  upwanl  flow  of  air 
in  the  hall  was  insured  by  the  judicious  placing  of  numerous  Mmiill  outlets 
in  the  iron  and  glass  ceiling ;  .  ,  ,  .  the  rate  of  outflow  was  very 
low,  but  the  volume,  as  measured  by  the  anemometer,  was  found  to  cor- 
respond fairly  with  that  whioh  was  impelled  by  the  fan  at  any  given 
time." 

A  change  was  subsequently  mado  in  this  arrangement,  by  which  tlie 
platforms  were  extended  over  the  aisles.  To  replux:c  the  aisle-veutilalion, 
a  great  many  small  circular  regi8ter«  were  placed  in  t!ie  floor  of  the  plat- 
forms in  front  of  the  sofas.  Tbe  direction  of  the  currents  was  upward  ; 
and  the  ventilation  proved  satisfactory.  A'  later  change,  which  proved 
very  unsatisfactory,  is  described  as  follows: 

There,  are  seven  semi-circidar  platforma,  each  four  feet  five  inches  wide, 
with  a  front  riser  four  iticEtes  In  lieight.  In  the  risers  is  placed  a  continu- 
ous band  of  small  holes,  each  two  inches  high  and  one  inch  wide,  and  one 
inch  apart,  for  supplying  air;  each  member  has  the  power  of  shutting  off 
the  air  by  registers.  The  air  emerges  as  a  thin  horizontal  sheet  from  the 
upper  risers  and  is  directed  over  the  face  of  the  platform  below;  traversing 
the  platform,  tbe  sheet  receives  an  auj^mentation  in  thickness  from  tbe 
next  layer  of  air  which  escapes  from  the  next  row  of  fioles,  and  so  on 
until  the  whole  seven  platforms  arc  swept  over;  forming  a  broad  sheet 
of  air  directed  against  the  back  of  the  legs  of  those  who  sit  on  the  plat- 
form. 

The  necessary  velocity  and  coolness  of  this  air  are  such  that  great  dis- 
comfort is  felt.  The  alternatives  were  to  stop  the  entrance  of  air  (which 
was  e<iuivalent  to  want  of  air  for  breathing,  as  at  present) ;  or  to  heat  the 
air  to  a  temperature  (ItS**  to  100"),  which  would  feel  comfortable  on  en- 
trance, when  the  air  of  the  hall  became  unbearably  warm. 

There  is  a  fan  for  exhausting  foul  air,  which,  as  tested  by  a  member 
of  the  ci>mmi»8?on,  extracted  25,000  cubic  feet  per  minute;  of  this  amount 
16,000  was  furnished  to  the  lialt  by  the  fan  of  supply,  and  10,000  must 
have  leaked  in  at  various  points  from  the  corridors.  These  figures  sufB- 
dently  explain  the  poorness  of  the  ventilation. 
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Railroad-cars, — The  difficulties  in   ventilating  those  places  ara 
viously  grpat,  and  the  rpsults,  at  present,  are  bad. 

In  the  report  uf  Fisher  and  NiohoU  (op.  cit.),  the  resulto  of  a  U 
number  of  amUysos  for  carbottic  aoid  are  givea.     The  averagea  of  th 
are  as  follows  (in  parti  per  10,000) :                                                     ^m 

Series. 

Flaoe. 

Av«ng«. 

1. 
% 
3. 

Smoking-oars. 

Passonger-cars. 

Smoking-cars. 

33.8 
23.2 
17.0 

36.7 

13.7 
17.i 

■ 

It  18  Stated  by  Lang  and  WolfFhQgei  that  tho  pollution  of  tax 
is  not  so  quickly  felt  as  in  charabers.  Kepeatedly  they  have  examii 
air  which  seemed  to  them  fairly  good,  and  which  the  passengers  spoki 
as  good,  and  found  it  tu  contain  a  much  higher  peroentago  of  COa  t| 
air  of  u  similar  quality  possesses  in  rooms.  .Mr  whioli  contained  fift 
parts  in  10,000  of  CO,  was  sensibly  fresher  than  air  of  rooms  contain 
only  ten  parts.  An  analogous  fact  is  noticed  by  Voit.  The  air  in 
lead-chamber  may  have  over  ten  per  cent,  of  CO,  without  reusing  ilisci 
fort.  The  explanation  offered  is  tlie  natural  one,  that  air  under  such 
cumstances  in  small  rooms  is  changed  very  rapidly,  and  that  in  oo^peqae 
the  putrefactive  change  of  the  animal  exhalations,  to  which  the  oppna 
sensation  is  ascribed,  does  not  have  time  to  occur. 

If  this  may  be  assumed,  the  requirements  of  a  railroad-car  are  tfiM 
acting  than  those  of  dwelling-houses. 

In  the  equation 

k 


7^ 


we  may  therefore  allow  that 


y  = 


p-q 


k  =  .20  litres, 
p  =  .0015 
q  =  .0003l> 
30 


.00115 


litres  =  17.4  cubic  mi 


or  about  GOO  cubio  feet  per  bead  and  hour. 

If  we  accept  Lang  and  WoIffhOgel   as  authority  upon   the  point 
"sensible  purity,"  the  requirements  in  railmatl-cars  are  only  for 
or  a  fourth  as  murhyrmA  air  as  in  the  case  of  halls.     We  should 
ber,  also,  that  the  standard  of  purity  (B  or  7  per  10,000)  is  only  a  i 
live  one. 

The  American  passenger-car,  with  an  average  cubic  space  of  abe 
3,500  feet  (exclusive  of  that  occupied  by  furniture  and  the  bodies  of  p 
sengers),  and  holding  about  aeventv-fire  persons,  would  (herefo>TX!  rrad 
at  Uatt  750  cubic  feet  of  fresh  air  per  minute;  we  will  aajr, 


I 
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feet,  or  more  than  half  the  contcnta  of  the  car.  The  introduction  of  this 
amount  without  draught  is  a.  matter  of  much  difficulty. 

The  opening  of  windows  is  of  roursc  an  entirely  unreliable  method  of 
ventilation.  The  valves  in  the  end  doors  and  windows  expose  passengers 
to  severe  draughts,  and  are,  therefore,  usually  closed.  The  %entilBting 
apertures  in  the  top  and  letter-line  are  found  "entirely  inadequate'* 
(Nichols),  or  else  they  produce  an  improper  draught. 

It  is  not  di£Scult  to  bring  into  the  car  a  large  quantity  of  air  by  means 
of  cowls  or  revolving  caps  placed  on  the  roof,  or  by  end  windows.  Both 
these  devices  act  only  while  the  car  ia  in  motion  or  exposed  to  a  wind; 
but  as  the  car  is  scarcely  used  at  other  times,  this  forms  no  objection  to 
the  use  of  such  methods.  The  problem  remains,  how  to  distribute  the  air 
without  draughts;  the  solution  is  to  be  found  in  the  uae  of  extensive  per- 
forated surfaces  for  distribution.  Kcdzic  recommends  two  or  three  such 
plans.  In  one,  the  air  is  first  sent  to  a  space  below  the  floor  of  the  car, 
where  it  has  to  deposit  its  impurities  in  a  tank  of  water;  it  then  ascends 
to  the  roof  again,  where  it  is  sent  into  cylinders,  running  the  length  of  the 
car  at  the  height  of  the  roof,  from  which  it  escapes  by  numcrotus  small 
holes.  The  cylindorsare  bo  arranged  as  to  be  turned,  giving  the  escaping 
air  various  directions — downward,  sideways,  or  upward,  as  may  be  desired. 
In  another  plan  the  air  is  brought  in  at  the  end  of  the  car  unde/the  eaves, 
the  entrance  of  cinders  being  prevented  by  fine  gratings.  The  distribu- 
tion occurs  along  the  whole  length  of  the  roof,  through  similar  fine  aper- 
tures. The  space  for  distribution  in  thiso&se  is  formed  from  the  "  monitor 
atory,"  which  is  provided  with  a  flour  that  abuts  it  oS.  from  l^c  car;  in 
this  floor  arc  the  perforations  for  air. 

An  excellent  auxiliary  to  these  systems  is  formed  by  a  hood  placed 
below  the  floor,  and  sucking  the  air  out  of  the  lower  part  of  the  car  {appel 
par  en  bas).  The  apace  under  one  of  the  seats  may  be  boxed  around,  to 
form  an  enclosure  into  which  the  hood  opens;  the  air  escapes  first  (through 
gratings)  into  this  space,  then  into  the  hood. 

A  system,  mentioned  by  Prof.  Nichols,  consists  of  a  fan-wheel,  carried 
by  &  pulley  attached  to  one  of  the  axles,  which  forces  air  into  the  car, 
through  a  strainer  of  wire-gauze,  at  the  first  side-window.  The  air  is 
conducted  around  the  roof  in  a  six-inch  pipe,  perforated  at  proper  inter- 
vals, and  finds  its  exit  through  regi.sters  in  the  flixir.  It  lias  been  found 
that  when  the  car  had  been  completely  filled  with  stnoke,  it  was  thoroughly 
cleared  in  about  six  minutes  by  this  method.  If  this  mechanism  can  be 
trusted  to  run  with  regularity,  the  method  is  a  better  one  than  that  which 
depends  on  the  houd. 

XhceUinff-hon^es, — A  few  apecial  points  may  he  spoken  of  under  this 
head,  although,  in  general,  all  that  is  necessary  has  been  said  elsewhere. 

Many  dwellings  are  well  ventilated  for  dally  life,  but  few  have  any 
provision  for  the  emergencies  of  evening  assemblies.  Upon  such  occa- 
sions as  the  latter,  extreme  discomfort  is  often  felt  from  the  heat,  the 
excessive  moisture,  and  the  eloBenoss.  Great  relief  can  be  had  by  provid- 
ing an  escape  for  the  products  of  the  combustion  of  gas,  by  methods 
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(igared  under  nospital  Construction.  A  chandelier  (f^ftsolier)! 
rharge  its  heated  products  cither  by  a  closed  tube  and  globes^ 
carry  off  everything,  or  it  may  discharge  In  a  manner  leee  oomplei 
sufficiently  so  for  the  purpose,  through  holes  in  the  ceiling  above 
ornamental  piece  of  stucco  over  the  cbandclier  may  stand  out  an  m 
two  from  the  ceiling  without  appearing  to  be  separated  from  it;  the 
thus  given,  in  a  circumference  of  six  feet,  equals  an  aperture  of  oi 
a  square  foot,  or  one  foot,  which  will  give  exit  (at  a  velocity  of  n 
per  second)  to  ten  ur  twenty  thousand  feel  per  hour.  Two  such  op 
(discharging,  say  40,000  feet)  would  be  of  material  service;  at  leai 
would  aid  greatly  in  getting  rid  of  the  heat  and  the  «moll  of  gas, 
actual  requirements  of  one  hundred  people  in  a  drawing-room  woalc 
from  4,000  to  10,000  metres  per  hour:  say  from  140,000  to  350,00( 
feet.  Evidently,  therefore,  other  means  must  be  used  in  addition  1 
above  named.  Two  fireplaces  may  exhaust  40,000  feet  more,  whi< 
leaves  us  inadequately  provided  for.  The  usual  flues  may  bo  iofloi 
addition,  in  connection  with  or  adjacent  to  the  chimney;  but  it  ^ 
necessary  to  attend  to  the  warming  of  such  flues,  as  otherwise  the 
«imply  serve  as  inlctj*  for  cold  air  in  undesirable  parts  of  the  room. 
For  sleeping- nroms,  in  mild  climates,  hollow  iron-bricks  may  bi 
an  equal  number  at  the  top  and  at  the  bottom  of  each  apartment 
Sherringham  valve  may  be  applied  to  these,  but  so  as  not  to  clou 
wholly. 
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Hospital  cotiBtniotion  may  properly  be  considered  a  subject  for  spe- 
cial study,  and  one  !^o  near  the  cunBnes  of  medicine  and  architecture  aa 
to  call  for  careful  investigation  from  the  niember3  of  both  these  pro- 
fessions. The  subject  naturally  includes  several  divibioiis,  all  of  which 
bear  intimate  relations  to  each  other,  and,  while  it  is  diifioult  to  discuss 
either  branch  without  reference  to  the  others,  it  seems  desirable  to  consider 
the  subject  mainly  under  the  following  heads  : 

Location,  or  Site, 
Gknbral  Chakactkr. 
Materia!- 

GkNEKAT.  ArRANORHENT  and  DrSPOfllTION-, 
AUHANI^EMENT  OP  TIIE  SeVRRAL  PaRTH  tN   DeTAIL. 

Means  op  Hsating. 

Ventilation. 

Drainage. 

COTTAOE  OK  ViLLACiB  HOflPITAUk 
BlBLIOUBAniV. 

There  are  numerous  allied  topics  which  are  of  vital  importance  to  the 
well-heing-  of  a  hospital,  which  arc  so  recognized  by  physicians  both  in 
theory  and  in  practice.  A  well-buiit  Iiospital  poorly  orjfimizcd  may  be  the 
Itome  of  disease  and  the  nursery  of  fatal  hospital  maladies.  Hut  the  con- 
sideration of  the  organization,  management  and  furnishing  of  hospitals, 
as  well  as  their  relation  to  medlral  schools  anrl  training-schools  for  nurses, 
lias  been  purposely  avoided,  as  foreiffii  to  the  general  scope  of  this  paper. 
The  study  of  hospital.s  for  special  objects,  as  for  instance  insane,  lyiiig^-in, 
military,  children's  and  similar  Institutions,  is  also  omitted,  the  main  ob- 
ject of  this  paper  being  to  inculcate  general  principles  applicable  to  all 
institutions  for  the  care  of  the  sick, 
\ou  L-47 


738        OEXBRAL   PKUICIPI-ES   OF  UUSPITAL   OONSTKUCnON. 


SECTION  I. 


LOCATION. 


The  location  of  a  building  where  the  sick  aro  treated  shoold  I 
which  commeiuls  itself  in  an  eminent  degree  as  a  healthy  one  :  tl 
the  site  »huulil  be  elevated  ;  on  a  guo<l,  puruus,  gravelly  or  BAndjf 
not  on  new-made  laud  or  on  a  clayey  or  retentive  soil ;  where  aba 
means  are  offered  for  effective  drainage  ;  not  in  a  crowded  localitj 
in  H  situation  which  is  open  to  healthy  winds  and  has  a  free  exposi 
sunlight.  Tlie  building  shoul<l  be  so  situate<l  that  the  prevalent 
may  not  pass  over  marshes  or  regions  affected  by  dampness  or  n 
inHuences,  or  in  the  neighborhood  of  large  sewcnt.  ^M 

Particular  attention  should  be  g^ven  to  the  slope  of  the  lan^^ 
neighborhood.  A  valley  or  a  depression  should  be  avoided,  as  wcl 
situation  under  a  steep  hill,  or  on  a  slope  which  would  eolleet  wai 
dampness,  or  where  the  air  would  have  a  tendency  to  become  stag 
Such  a  site  should  be  selected  as  will  give  a  clear  area  of  ei^t 
tients  to  the  acre,  as  advised  by  the  Chirargioal  Society  of  Paria^ 
most,  of  one  hundred  paiientn,  as  is  sanctioned  by  English  usage.' 

In  testing  the  site  due  regard  should  he  given  to  the  mortality  c 
region.  In  tills  estimate,  however,  it  may  bo  necessary  to  con 
fiiiaiic'iul  and  social  condition  of  the  inhabitants.  The  povor 
living  in  a  region,  or  the  risks  arising  fn->m  hazardous  employments 
increase  the  mortality  in  an  undue  proportion.  It  would  be  mani 
unvfise,  however,  to  disregard  the  fact  of  a  large  general  mortality 
neighborhoml,  irrespective  of  the  social  conrlitinn  of  the  inhabitant 
earcful  investigation  of  the  locality  would  prtibably  disclose  the  ejtis 
of  unsanitary  influences  which  would  be  prejudicial  to  the  recovery* 
siek. 

7^he  general  question  of  location  and  construction  is  tersely  pi 
Ilennen  :  "That  building  makes  the  best  hospital  which  is  >'' 
dry,  and  detached  ;  in  which  there  are  suflicieiit  doors  and  v. 
mitting  of  cross- ventilation  ;  with  open  fireplaces  and  secure  rooft 
walls  ;  with  rooms  of  easy  access,  lofty  and  of  moderate  sire.''" 

The  question  may  well  be  asked  whether  or  not  a  hospitoj 
located  within  the  crowded  portions  of  a  city.  Varioui  rei 
which  render  it  difficult  10  treat  the  sick  poor  of  a  lar|^  city  i 
except  near  their  homes,  at  least  those  who  arc  seriously  ill  or  ioj 
'*  No  site,  however  accessible,  should  be  »elect<»d  which  will  not  gi 
all  times  the  utmost  purity  of  atmosphere.  If,  however,  this  dw>id<« 
can  be  obtained,  we  may  join  with  it  (he  advantages  to  be  derii 


'  Onlton  :  Tb«  ConNtrnction  of  HoKpitAln. 
'  Henneu  :  Priuciplwof  MililAry  Hnrjery. 


LoDdoa.  1839. 
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tbe  possibility  of  conveying  the  sick  and  wounded  in  the  most  satisfactory 
manner  (o  tlie  liospital  :  the  accessibility  of  the  institution  to  the  medi- 
(ul  officers  and  the  friends  of  the  patients,  and  the  convenient  position  of 
the  medical  schools,  if  they  exist,"' 

"  All  of  these  elements  are  of  importance— «very  one  in  its  place.  It 
is  obviously  of  no  use  to  build  a  hospital  in  the  l>est  air  in  tlie  world,  if 
neither  patieuts  nor  rnedical  officers  can  jj;et  to  it.  It  is  «mly  in  aj>pl3'ing' 
itoniinon  sense  to  sucli  a  question,  and  by  always  giving  a  preponderance 
to  the  condition  of  highest  importance,  namely^  pure  air  and  spuce^  when 
the  other  considerations  can  be  at  the  same  time  reasonably  obtained, 
that  the  best  will  be  done  for  the  sick."  * 

The  inconvenience  of  treating  cases  of  accident  or  of  sudden  illness  at 
a  distance  from  a  lai^ro  hospital  may  be  in  part  overcome  by  the  cstab- 
tabtishment  of  reception  hospitals,  of  a  few  beds  each,  at  suitable  points. 
These  should  be  placed  near  large  manufaeturing  establifthmcnts,  and  in 
crowded  loralitics  occupied  by  the  poorer  classes.  It  should  be  well  estab- 
lished,  however,  that  these  smaller  hospitals  are  for  temporary  use  otdy, 
and  should  be  subsidiarj'  entirely  to  the  larger  hospital  of  which  they 
form  a  part.  Every  wcll-organizeil  metropolitan  hospital  should  have  one 
or  more  easy  ambulances,  made  to  lit  the  horse  railroad  tracks,  to  be  sum- 
moned by  telegraph  from  the  police  statioiis  or  otherwise;  with  such 
means  of  conveyance,  the  distance  of  the  hospital  from  the  more  thickly 
settled  portions  of  a  city  becomes  a  matter  of  secondary  consideration  to 
those  of  space  and  pure  air. 

The  tjut'stion  of  exjiense  necessarily  enters  largely  into  the  question  of 
location.  The  land  in  the  closer  parts  of  a  city  is  too  valuable  to  enable 
us  to  carr)*  out  the  most  approved  methods  of  building,  and  we  fiitd  city 
architects  forced  to  yield  to  the  requirement  of  placing  patients  in  many- 
storied  buildings,  to  their  manifest  detriment.  The  question  is  merely 
one  of  obedience  to  natural  laws — for  the  best  welfare  of  the  patients  they 
must  be  placed  under  the  best  hygienic  conditions — whatever  expense  or 
hiconvenience  such  condition  may  render  nocessarv.  It  is  not  enough  to 
say  that  the  air  of  our  cities  Is  g<KMl;  the  air  of  the  suhurbs  or  the  country 
is  better,'  under  tiie  best  possible  circumstances,  the  air  of  the  hospital  is 
DO  better  than  the  air  of  the  streets  which  surround  it. 


>  Bifatove  and  Holmes :  Sixth  Rflport  of  the  Uedioal  Offioeni  of  the  Privy  CouaoU. 
London.  1903. 

*  I7i|rhtiiigale :  ^otes  ou  Uospltals.    London,  1808. 
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SECTION  n. 


OENBBU.    CUABA<-rSR   07   TUB    ROSPITAU 


The  requirementa  of  each  city  or  town  miut  decid«  the 
hospitals.  They  may  appropriately  hp  classed  as  \*rge  hospitab, 
they  contaiu  from  one  huudred  beds  upward;  of  me^lium  size,  whei 
contain  from  twenty-live  to  one  hundred  beds;  and  oott&ge  or  villag 
pitals,  when  accommodations  are  provided  for  from  three  to  twen 
}iaticnt».  Tli«  exigencies  of  war  may  call  temporarily  for  immeni 
pitaLs,  but  modern  investigations  show  those  of  more  moderate  dime 
to  be  better;  they  more  nearly  approach  the  home-Ufe  which  give*  t 
patient  the  best  means  of  recovery;  tliey  iiistir*'  the  wider  separation 
sick  of  a  city;  and  it  may  safely  be  assumed  that  in  such  vmaller  h 
tions  the  patients  arc  more  satisfactorily  attended. 

Sir  James  Simpson  presented  bis  views  of  hospitalism  in  a  sef 
propositions  which  disputed,  in  nearly  every  instance,  ideas  of  bi 
iiyjfieiie  and  management  previouaiy  held.  While  he  took  the  m 
hospital  amputations  as  the  means  of  deciding  the  ]>oint,* 
Kennedy,  of  Dublin,  in  a  }>aper  presented  to  the  Obstetrioal 
IBfiO,  reached  the  same  end  by  his  statistics  on  zymotic  and 
diseases.  "Sun^eons  are  little  inclined,  at  this  day,  to  undertake' 
toiiiy  in  hirgo  gvnoral  hospitaU,  and  the  precautions  taken  by 
Brown  in  bis  operations  meet  the  approval  of  most  physiciaiu.*' 
lai^r  hospitals  offer  fi^reater  advantages  for  clinical  instruction 
more  eclat  to  officials  connected  with  them,  the  smaller  establishc 
without  doubt,  most  advantageous  to  the  patient.  The  aamc  prii 
the  wide  distribution  of  the  inmates  of  an  institution,  would 
quire  that  they  should  be  accommodated  in  many  rather  tf 
building'.  No  stnjjio  hospital  building  ought,  under  any  circui 
to  contain  more  than  one  hundred  patients  under  one  roof.  It  a 
oonsideruil  ailmissible.  under  extreme  circumstances,  U>  have  four 
liuu  wards  in  two  stories,  on  either  side  of  a  central  administrative 
ing-,  with  twenty-fivo  patients  to  each  ward.  Even  this  tiuinb«r 
Advi«a.b]e,  but  with  more  than  this  number  the  detached  plan  is  un 
able.  In  the  view  that  patients  are  beat  treated  in  one-^ory  dtt 
jHtvilioH  icards,  all  recent  writers  on  tbo  subject  ar«  agreed,  aiwl  ti 
termination  of  this  point  may  influence  the  decision  regarding  tbs 
or  small  size  of  the  institution.  Tile  system  of  hrL>akiug  up  tbo  i 
gate  of  patients  and  placing  thoni  in  small  wardii  neccsnitatea  the  pui 
of  more  ground,  there  are  more  roofs  to  construct  and  kcH'p  in 
adniinistration  becomes  somewhat  more  difficult,  and  more  fue 


1  StmpMn  :  Hospilatism.    Vew  Tork,  1873. 

'Cfaadwick  ;   Art.  Boston  MfdicnJ  and  Surgical  Journal,  A|tril  $,  1875. 
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for.  But  the  object  in  erecting  a  hospital  is  to  provide  for  the  best  good 
of  the  patients  for  many  years  to  come,  and  if  this  end  cannot  be  attained 
without  crowding,  it  is  far  better  to  reduce  the  size  of  the  hospital,  or  to 
])lace  it  where  land  can  ho  olitsiinod  at  a  lower  rate. 

Three  fonns  of  buildings  liave  been  used  for  hospitals;  they  are  called 


Fia  1. — Groand  plan  of  honpital  at  Malta. 


Fig.  2.— Gxoaod  plan  of  Blackbam  Infirmai; 


the  pavilion,  block  and  corridor  systems.  The  firsty  or  pavilion  iysteni, 
includes  wards,  either  long  or  nearly  square,  of  one  story  or  many, 
detached  or  united,  but  which  have  windows  on  each  side,  and  so  offer 
the  best  means  possible  for  air  and  sunlight.  The  second  form — ^the 
Hock  system — consists  of  buildings  of  conglomerate  architecture,  their 
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vardB  arr&nged  in  such  a  manner  as  to  occupy  the  leut  poAstbl^^ 
with  insufficient  vrntUation  and  exposure,  and  often  ojx'ning  in^ 
other  or  placed  back  to  back.  The  Wot'Xr  ifj^vfem  i«  tluit  on  ■ 
many  of  the  older  hospitals  were  built.     The  error  of  thia  pUo  «m  < 

looked  from  vrant 
proper  i.'oncoptioo  o 
neeiUof  the  patiMIt 
peciatly  tn  regard 
their  trant  of  air 
eunlig'ht,  and  natfl 
arose  front  the  oaaU 
usin^  any  unemp] 
buildings,  such  ai  pr 
'tlwelltngs,  rnnvenl 
churrhes  flirt  he  pUT] 
of  institutions  n 
above  all  others,  ll 
ho  plar^t^d  under  the 
hygit'tiic  c-ircuinsta 
Tim  corritlur  q 
hoars  a  certain  j\ 
blance  to  that  of 
pavilion,  tho  warda 
being  in  a  I'^n^i;  buili 
hut  in  all  hoj^ta 
this  construction  till 
of  the  ward  is  coi 
by  a  corridor  or 
which  conne<rt«  diff 
parts  of  the  building 
is  UHcd  a«  a  nraai 
communication. 

The  uiosteuli^l 
modem  views  hart 
cepted  the  pavilion 
tern  as  the  most  sati 
tory.  It  not 
supcnor  advaitl 
regards  air  and 
but  iu  its  situplest 
the  pavilion  is  a  b 
tal    in   itaelf,  with    i 
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KlO.  8.— Groond  plui  of  tbe  Woolwioh  HtupiuL 


of  tlte  appliances  needed   for  its  separate  administration.     It  <mu 
adapted  for  use  as  a  small  villa^  hospital,  or  may  be  indefinit 
tipliedf  as  the  space  at  command  will  allow,  or  the  number  of 
may  demand.     In  many  of  the  larger  hospitals  the  pavilions  arsj 
detached.     Ground  plans  are  here  inserted  of  the  UuspitAl  at 
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Blackburn  (Eng.)  Infirmary,  and  the  Woolwich  (Eng.)  Hospital,  ahowing 
how  the  same  pavilions  may  be  compactly  united  on  n  limited  extent  of 
ground,  and  yet  retain  the  advantages  of  the  separate  buildiuga,  "  A 
good  illustration  of  the 
adaptability  of  this  sys- 
tem to  any  site  is  afforded 
by  the  new  hospital  lor 
one  hundred  beds,  nt 
Swansea  (Eng).  ...  In 
this  case  the  site  is  tri- 
aoguIaTj  and  the  admin- 
intrativo  block,  operating 
theatre,  etc.,  are  jilaced 
at  the  apex,  which  faces 
the  prevailing  wind, 
while  the  pavilinns  run 
down  each  side,  and  both 
aides  of  the  wards  roooivo 
sunlight  and  air." ' 

"Tlie  true  principle 
of  hospital  count  ruction, 
as  at  present  understood, 

was  at  first  declared  bv  a  .       ,.  — 

.     .         - , ,      r>     '  t  P^o- 1— GronM  plar  of  the  SwtnKft  HonutkL 

commission  of  the  r  rench 

Academy  of  Sciences  in  1788,  which  made  a  final  report  as  to  the  con- 
ditions which  a  model  hospital  should  fuldl,  specifying  that  wards  should 
be  iu  isolated  pavilions,  that  each  ward  should  be  about  24  feet  wide,  from 

U  to  15  feet  high,  and  115 


fcnt  lotig,  and  should  contain 
from  34  to  30  l)e<Is,  and  that 
the  windows  should  extend 
to  the  ceiling." ' 

A  few  examples  of  the 
block  system,  botfi  of  the 
general  ground  plan  and  of 
the  disposition  of  single 
wards,  are  given.  The  first 
is  a  ground  plan  of  King's 
College  Hospital  In  Lundon 
(Fig.  5);  the  others  are  wanl 
plans  in  the  old  Marine  Hos- 
pital at  Woolwich  (Fig.  6^, 
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Pia  6.— King'fl  Cnllcgi^  HoipititL 

the  Portsmouth  Hospital  (Fig.  7),  and  the  Hupital  de  la  Clinique  in  Paris 
(Fig.  8).    All  of  these  show  marked  errors;  most  of  them  have  ward^ 

'  Oftlton  :  Op.  eit. 

<  BilliDfp) :  Barracks  and  HoRpltala.     Cln.  Hfo.  i,  8.  G.  O.,  Wufaiagtoa,  1870;  and 
HiuMnn:   llltadeii  sur  le*  Hoiiituux,  Puis,  11563. 
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op4tniiig  into  cAt'h  othor,  witliciut  mitablo  light  or  vrntiUtion,  witli 
)>l»L*eil  iii  rowb  agauut  dead  waltn,  or  with  but  a  Hini^  window  fur 

The  t'orriclur  Byntcm   lian  ttie  dnubln  rliaadrantk^  of  intcrfcTiDf 


Luili     D  on 
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Fia  &— UU  MvicB  Harpit«l  Hi  WoaJwiok 


■•VButiUtion  and  nf  omincotmg;  tbe  various  wards  it>  such  &nun 
to  pnjfi'nd^r  s  coiiinHiti  (luftjiiui  air.  A  portion  of  th«  .St.  AiiLoine  Hi 
("Fill.  V)  ia  givc^n  lu  tlltiatratc  the  fijrsicm.  Both  I  he  binnk  aiid  thft  o« 
■^'■tcins  tciul  to  coiiiptical?  thu  UtfticuHlies  af  mana^ciiientT  to  favur  lli< 

Jl 


3     E^ 


W'pir.*  Pfci*. 


PiQ.  K^Hopiu:  til-  Li  Cllntqai?  id  Vmti% 

nation  of  air,  and  tn  f^neratr  pytftnia  and  similar  hospitaj  pi^sts.  F 
trrtatmrht  uf  n^itiiplc.  non^infeding;  iJiscascs,  the  dctachetl  fiavjllon  «i 
(if  unf<  or  «t  ittiwi  fwostorkSfia  the  Iwst;  for  the  freattuent  uf  gpen  M 


Flo  U.— SL  AotaiAv  llwpital  in  Parim. 


and  ilic  diM>aMi«  of  a  jHiMlbly  inf(>rtiou«  character,  tin*  muh^  avai 
dccidf'^l'T  prt-romblr;  «ni)  fur  i-milnfliou*  dise«*f  a,  th«  Irnt,  UtrrBckf  c 
whk'li  v»  tlir  »iiii|i](>!(|  fumi  of  ihp  (.»«vi|ion,  is  absolutftlj-  n«)M  for. 


/^ 


The  plan  which  has  commended  itself  most  favorably  to  mRdical  men 
of  late  yc'ATS  in  establishing  a  hospital,  whether  of  targe  or  small  dimcn- 
stont^  has  been  to  build  it  of  detached  wooden  paviliana.  with  an  adminis- 
trative building  of  marc  permanent  materials.  Unfortunately,  physirians 
have  rarely  the  privilege  of  building  hospitals;  and,  even  if  they  are  per- 
mitted to  suggest  the  plana,  they  find  them  bo  manipulated  by  trustees  or 
architects  that  the  cHsential  points  are,  in  nvany  cases,  thoroughly  elimi- 
nated. It  is  not  reasonable  to  HUppose  that  art-hiteets  will  suggest,  or 
committees  of  construction  adopt  a  material  which  gives  little  opportunity 
for  display,  appearance  of  permanency,  or  the  erection  of  an  architectural 
■  memorial.  The  Surgoon-General  of  the  U.  S.  Marine  Hospital  Service 
Bays;  "The  old,  magnificent  hospitals,  built  as  monuments  for  all  time, 
will  bo  abandoned  for  the  simple  pavilion  of  indefinite  existenco  ;  and  the 
only  strictly  permanent  parts  of  the  modern  hospital  will  be  the  executive 
building,  kitchen,  laundry,  and  engine-house/*' 

"  I  believe/'  says  Billings,'  "  that  no  hospital  should  be  c-onstructed 
with  a  view  to  its  beitig  used  more  than  fifteen  years.  If  the  money  re- 
quired to  put  up  such  structures  hs  the  Now  York  civil  hospitals,  the 
Hhodc  Island  Hospital,  or  the  Cinciniiitti  Hospital,  were  divided  into  two 
equal  parts,  one  half  being  used  to  erect  frame  Imspitals  of  the  same 
c-apacity  as  the  stone  and  brick  hospitals  actually  built,  and  the  other  half 
being  put  out  at  interest  at  six  per  cent.,  a  complete  new  hospital  could 
be  furnished  every  twelve  years  for  an  indefinite  period."*  Mr.  Brook, 
one  of  the  surgeons  of  the  Lincolu  County  Hospital  (England)  is  thus 
quoted  by  Krit^hsen  :  "Of  late  years  the  interior  of  the  hosjiitnl  has,  at 
one  liirie  or  another,  been  entirely  rt^newed,  but  still  the  disease  (jiyii'mia) 
kept  breaking  out ;  and  it  was  the  opinion  of  all  past  authorities  that  it 
lurked  in  the  very  fabric,  and  that  nothing  but  demolition  would  remove 
it.""  A  French  authority,  in  speaking  of  the  American  ambulance  in 
Paris  in  1870-71,  says:  "La  mobilization  des  hupitaux  tomporaires  est 


'  Woodworth  :  Annoal  Kcpoit  of  the  Snperviiung  .Surgeon  Genera]  U.  8.  Mariue 
lIcMipital  BcrTico.     Waabiiigloii.  1HT8. 

'  KiUiiiKs:  Barracks  and  IloBpitals.     Op.  oit. 

•  The  cort  of  the.  MnrinB  HoHpital  at  San  Francisco,  on  the  old  plan,  was  $2S8,8T1 ; 
the  one  now  in  iwe  at  the  port  of  BoBton  cost  ^3tM.047 ;  thnt  at  Chicago,  recently 
finished,  on  the  old  plan,  $422,107  ;  while  npon  tli«!  imfiniidied  hospital  at  New  Orlconif 
fiVJO.OOO  has  been  exp^indnd.  The  uont  nt  the  uuw  burrock  huBpital  fur  the  M&riiie 
UoMpibal  Service,  at  San  Franciiioo,  inoludinff  the  rar^eon's  residence  and  all  the  ad- 
ministrntiTe  haildingn.  is  ^Q^.TSf. 

*  ICricbiKn  :  IIoHpitaUatn  and  the  Caosee  of  Death  after  Oporation.     London,  1874. 
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un  problume  rc-solu."'  Filially,  Clultoii  thus  treatn  the  sii 
work  on  the  coii3tniction  of  iiu8pital>» :  **  t  would  add  one  more  c«Um 
Do  not  build  for  a  lon^  futurity.  liuiMings  used  for  the  rec4>{)tioii  of 
tick  become  pemiCHted  with  organic  impurities,  &nd  it  is  a  ro*l  sanit 
Adranta^  that  thev  should  be  pulled  down  and  entirely  rebuilt  on  ^H 
»it«  periodically."*  ^| 

Dr.  Billtugs,  in  hia  recommendations  to  the  tnistcea  of  the  Jcl 
Hopkina  Uospital,  after  expressing;  the  opinion  that  his  \iewa.  previoc 
quoted,  may  have  bei:*u  too  swfi'ping  in  tins  re»iwct,  says:  *' 1  do 
tbink  it  nece»sar)'  that  all  the  buildings  of  a  hospital  hlionld  be  destro; 
or  removed  at  certain  regular  intervaU,  m  order  to  prevent  infection ;  i 
there  are  some  things  lo  bo  taken  into  aetuiunt  in  favor  of  more  per 
nent  structures  under  certain  rircumstances  to  which  I  did  not  giv0« 
oiont  consideration.""'  Dr.  Folsom  al.s<],  in  the  same  work,  wiys  ;  *JJ 
not  consider  destructible  liarmrks,  which  are  so  excellent  for 
hospitals,  at  all  suitable  for  a  private,  civil  institution.  I  belie 
careful  administration  will  make  permanent  .<sTrut*ture»  equally  he«ltl 
with  thcni,  and,  in  a  temperate  climate,  physical  comfort  is*  groal«f  i 
building  with  comparatively  thick  walls.  1  should  consider  the  nt 
effect  of  barracks  in  a  oinl  hospital,  uiUess  for  tem]Kirary  and  cxooptic 
use,  particularly  prejudicial."' 

It  sliuuid  be  noted  that  these  views  have  not  been  definitely  adop 
by  the  trustees  of  the  Massachusetts  General  Hospital  in  liiiaton,  i 
the  City  Hospital  in  the  same  city,  or  by  the  authorities  who  control  mi 
of  the  hospitals  in  this  country  and  in  Kurope,  where  destructible  bam 
have  recently  been  built.  It  cannot  be  questioned  that  wooden  buitdi 
bring  the  patient  nearer  to  the  condition  of  nature,  that  such  an  arran 
ment  is  more  satisfactory  on  the  ground  of  expense,  and  that  a  bam 
hospital  can  bo  more  speedily  and  easily  erected.  It  is  no  leas  tnie  t 
any  niisintinagcnient  in  a  permanent  building  is  more  liable  t<i  vtait  c 
results  on  the  patients  than  in  a  temporary  structure,  ll  should  tu  fi 
ness  bo  said  that  such  wards  increase  the  liability  to  (ire,  that  pemuui 
buildings  arc  more  easily  warmed  in  the  eold  season  and  are  cooler 
eunnner,  an<]  that,  in  some  citi^-s,  the  erection  of  wooden  building&^H 
be  ]>revcntcd  by  statute  or  ordinance.  ^| 

In  an  economic  view  this  objection  pertains  to  the  more  lasting  bui 
ings,  vi«.,  that  architects  are  tempted,  with  permanent  material  in  th 
hands,  to  devote  too  large  an  expenditure  to  display  and  effort,  mak{ 
the  buildings  expensive  in  indirect  proportion  to  the  use  fur  which  tl 
are  intended.  A  hospital  should  never  be  an  architectural  tnonn 
and  any  excess  of  funds  should  be  devoted  to  extending  ita  mei 
practical  work.     Simplicity,  almost  severe  in  it«  oharaotcr,  should' 


'  Konvean  Dlotinmiaire  de  m^d.  et  de  cblr.  pntlqae,  Pada,  1871. 

*  Oftlton  :  nji.  oit. 

>  PIaus  JuhnA  Uopkina  Hospital.  New  York,  IdTS. 

*  Ibidem 
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its  con.'rtructinn.     Ornament  increases  the  onj^nal  e;?pense  and  requires 
continued  caro  anH  work. 

If  the  builfling  is  made  of  wood  il  should,  in  temperate  climates,  t>e 
made  double,  with  the  purpose  of  keeping  out  the  cold  in  winter  and  tho 
heat  in  summer,  and  in  order  to  afTorrl  additional  means  for  ventilation. 

Fh^mdation  and  bnaemfint. — The  foundations  of  the  wards,  whellier 
built  otherwise  of  destructible  or  permanent  material,  should  be  of  hriok 
or  atone,  sufliciently  elevated  to  raise  the  lower  flour  six  or  ei^ht  feet 
from  the  grounil.  The  surface  of  the  ba»ement  should  be  on  a  level  with 
the  surroundinjf  ground;  its  floor  should  be  cemented,  and  the  space  thus 
created  should  be  employed  exclusively  for  purposes  of  heating  and  ven- 
tilation. It  should  in  no  case  be  employed  for  stores  or  for  any  of  the 
oflltces  of  admiiiistmtion.  In  mild  climates  the  apace  should  be  entirely 
op*«n  to  the  air,  but  in  colder  rej^iuiis  it  may  be  endnserl  iiy  windowH, 
which  should  bo  kept  opeu  as  loni^  as  the  weather  will  allow,  and  freely 
ventilated  every  day,  even  in  the  coldest  season.  It  would  be  better  that 
the  lower  slorj'  of  the  building-  should  be  supported  on  arches,  as  a  security 
against  damp  an<l  cold.  In  this  case,  in  destructible  buildings,  the  founda- 
tion would  serve  for  a  succession  of  buildings  for  many  years. 

In  order  to  carry  off  as  far  as  possible  the  drippings  from  the  eaves 
and  the  rain  which  is  driven  against  the  sides  of  the  building,  and  to  pre- 
vent the  water  from  reaching  the  foundations,  the  ground  outside  thu 
walls  should  be  jiavcd  or  concreted  for  a  space  of  at  least  two  or  three  feet 
in  width. 

Damp-proof  wuUs. — Little  effort  is  made  in  this  country  to  render 
the  walls  of  buildings  damp-pronf.  Petlenkofer  and  other  recent  writers 
give  in  figures  the  amount  of  water  cnnlained  in  the  walls  of  a  buihiing 
at  the  time  of  its  erection,  or  the  amount  which  such  walls  are  likely  1o 
absorb  from  a  humid  soil.  This  moisture  may  rise  to  a  height  of  thirty 
feet,  and  must  be  given  off  by  evaporation.  To  obviate  the  chance  o( 
such  inconvenience,  rcoourse  should  be  had  to  some  impervious  material, 
which  should  be  introduced  into  the  walls  about  a  font  or  more  above  the 
surface  of  the  ground.  For  this  purpose  a  double  course  of  slate,  a 
course  or  two  of  enamelled  brick,  a  vitrified  stoneware  tile,  perforated 
for  the  admission  of  air,  a  layer  of  sheet-lead,  or  one  of  hot  bitumen  or 
asphalt,  have  all  been  employed  with  success. 

lusifle  traUn  ami  ceiiinffa. — The  inside  walls  and  ceilings  must  be 
covered  with  material  which  can  in  no  way  harbor  organic  or  infectious 
genns.  Experiments  recently  made  by  M.  Broca  and  others  sliow  the 
presence  nf  micrococcus  and  bacteria,  of  pus-globules,  of  spores  of  epi- 
phytes and  otlicr  orgatiisms.  in  the  air  and  on  and  within  the  material  of 
the  walla  of  wards  that  have  been  long  used.'  A  case  was  reported  to  the 
French  Academv  nf  Medicine  in  180*^,  in  whtoh  an  analysis  of  the  plaster 
of  a  hospital  wall  gave  46  per  cent,  of  organic  matter.'     Plaster,  wood, 

^  B«Tne  m^  de  PEst,  El«Tue  de  TMrap.,  Paris.  1974. 
>  Gallon  :  Op.  ciL 
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even  paint  and  varnish,  absorb  the  organic  impuritiee  ^ven  off  by 
body,  and  serve  as  a  constant  clement  uf  danger.  As  ihe  safest  of  tti 
it  is  best  to  rely  on  sound  ]>la»ler  placed  directly  on  the  brick  wall,  o 
iron  laths  or  wire  netting',  allowed  to  becomo  well  hardened,  and  I 
iK)vered  with  at  least  three  coats  of  paint,  and  afterward  vamiil 
Suob  walls  can  be  frequently  washed.  A  still  bcttf^r  material  than  pla 
is  Parian  cement.  It  is,  however,  costly,  and  is  liable  to  orack,  and  1 
harbor  both  vermin  and  animal  emanations.  Dr.  Luther,  in  a  ra 
article^  au^ests  tho  employment  of  soluble  j^Iass  in  hospital  construct 
'*In  the  builrltng-  and  arrangement  of  insttluliunis,  particularly  those 
the  inisaiic,  who  exerciBe  little  control  over  the  urinary  or  inlesftinal 
charges,  no  system  of  ventilation  or  arrangement  of  the  apurtmenta  o 
pied  by  such  patients,  whether  of  wood,  painted  or  oiled,  or  with  flooi 
Klate,  metal,  or  cement,  has  been  Kuflicient  to  clTi^ct  entire  cU-anlineai^ 
material  having  an  entins  uhKenoo  of  absorbing  surface  would  aeea 
meet  the  demand  in  such  cases,  and  glass  is  such  a  material.  Tb^J 
floors,  and  ceilings  might  be  covered  with  it.  It  is  not  expf>r^H 
htroiig  when  sufliciently  thick,  is  impcrvjouii  to  water  and  dsmpncaa, 
<tan  bo  made  uf  suitable  color.  Apartments  thus  fitted  up  couli 
thoroughly  drencheil  with  water,  so  aa  tu  remove  every  |>article  of  i 
matter."  ' 

The  walls  of  the  water-rloitcts,  lavatories,  s<!ullerieff,  kitoli 
latuidrv  require  equal  care  with  those  of  the  wards.  The  walls  ol 
ministrative  and  other  portions  of  the  hospital  require  do  special 

JFToorv.— The  floors  of  the  wards  and  administrative  departmonts  i 
be  made  of  narrow  strips  of  close-grained  hard  wood,  with  matched  j< 
blind-nailed.  In  pt^rmaneiit  buildings  they  shouUi  be  laid  with  eoD( 
on  iron  beams,  and  be  non-conducting  as  regards  moisture  and  sound, 
woods  best  suited  to  the  pur}K>sc,  inuse  in  this  country,  arc  the  hard 
and  asli.  Tlie  floor  may  be  oiled,  or  may  be  treated  with  paraffin  m* 
and  poured  upon  it,  and  then  ironed  in  b^  hot  irons.  ParufHn  dissohn 
turpimtinn  may  also  be  applied  as  a  paint  to  the  walls  iind  furttiriiro. 

It  is  a  little  surprising  that  a  sanitarian  of  the  present  day  sh( 
recommend  that  the  floor  of  the  wards  should  be  covered  wit^^ 
'•  which  may  be  covered  with  f/ood  oU-cIoi/i.  or  material  of  the  lila^^ 
irhich  will  not  absorb  motfcrs  ami  *j<t»cs,  ami  trill  Usocti  tht  »*«r*iflfj 
fcnshing  thejlovrs^  and  which  might  be  frequently  removed  and  wa 
It  ii  true  that  tiles  are  used  as  flooring  iti  some  of  tlie  recwul 
Ktructed  hospitals,  but  properly  made  wooden  floors  are  oertaiii 
jireforable. 

The  floors  of  the  water-closets  and  lavatories  should  be  of  slate,  ^| 
or  tile;  the  partitions  between  the  water-closets,  the  wash-lwards,  aHI 
mop-boards,  should  also  be  of  the  sauie  nmlerial,  to  allow  fret-  sluidn] 
these  aivurtmcnts. 

Tliroughout  the  hospital,  cornices,  projections  and  ooninni  should 

'  Lather :  Art.  io  Phitsdelphia  Mrd.  TUnes,  Nov.  97,  1^ 
"  Jonei :  PUuH  for  Johiu  nofkktna  Ilocpital. 
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avoided;  tlie  lops  of  windows  and  doors  should  be  rounded  to  prevent  llw 
Accumulation  of  dust,  and  to  fucilitato  cleaning;  and  the  nng'le  fornied  by 
the  base-board  and  floor  should  l>c  rounded  off  in  the  manner  shown  by 
Dr.  Folsom  in  his  sugjCfestions  for  the  Johns  Hopkins  Hospital.  Thresh- 
olds aro  to  he  avoided.  They  are  an  annoyance  to  very  fpohle  patients, 
and  they  iitterforo  with  the  passag-e  of  cars  for  the  conveyauuo  of  sick  or 
injured  patients,  or  for  the  transportation  of  food. 


SECTION    IV. 


0E?I1ERA[.   ARRANGEMENT. 


The  arran^menfc  of  the  hospital  ingroiis  is  subsidiary,  in  general  terms, 
to  the  arranf^omcnt  in  detail.  The  component  parts  of  the  "ward  unit," 
which  are  to  be  specially  borne  in  mind  in  the  gvoneral  arrangement  of  the 
institution,  are   the   beds,   the 


air-spaoe  (which  must  be  autb- 
ciently  largt;  for  the  proper 
1  reatmen t  of  each  case) ,  the 
superficial  area,  the  water- 
closets,  lavatory,  nurse-room,  and  other  necessary  offices.  Tt  Is  the  advan- 
tage of  the  pavilion  system  that  this  unit  may  be  iudefiuiteiy  multiplied, 


Fni.  10. 


: 


□ 


Tia  n. 


so  that,  with  the  appropriate  administrative  buildings,  the  hospital  may 
be  gradually  enlarged  to  meet  the  needs  of  increasing  population. 

All  hospital  buildings  should  be  placed  nearly  north  and  south,  so  that 


Fio.  la. 


the  sun  may  gain  aceess  to  both  sides  on  each  day.     The  several  buildings 
may  be  arranged,  for  economy  of  space,  parallel  to  each  other  (Fig.  10), 
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but  never  nearer  than  twice  the  height  of  the  walls,  and  we  think  the 

advice  of  Dr.  Wylie,  to  make  the  dis- 
tance thrice  the  height,  more  satis- 
factory.' The  experience  of  the  war 
of  the  rebellion  points  to  the  ar* 
rangement  of  the  pavilions  en  eche- 
lon, where  space  allows,  as  the  most 
desirable  in  order  to  secure  a  free 
exposure  to  the  wind,  whatever  way 
be  its  direction.  The  diagrams  givra 
in  Figures  10,  11,  12  and  13,  and 
the  plan  of  the  Herbert  General 
Hospital  (Fig.  14),  show  desirable 
positions  for  the  separate  pavilions. 
The  extension  of  the  pavilion  in 
Pia  18.  a  direct  line  would  theoretically  ac- 
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Fia.  14.— Herbert  General  HoipiUl. 


'  Wjlie  :  Hospitftl.i,  their  History.  Org7iniz.ition,  and  Conatructioii,  New  York,  1877. 


oumalate  the  foul  air  blown  down  the  line  at  the  last  pavilion,  and  entire 
ventilation  would  only  be  secured  with  the  wind  nearly  at  right  anj^lcs  to 
the  line.  Among  the  plans  submitted  for  the  construction  of  a  Urge 
hospitaJ  in  Paris,  after  the  burning-  of  the  Hotel-Dieu,  was  one  by  Poyct, 
for  5,000  beds,  in  which  the  wards  werf  arranged  in  radii  of  a  circle.     A 


Via.  16.— Pojet'R  ptan  of  hosyit&l,  witli  wards  Brrengod  io  r»dii  of  a  oiTolft 

committee  of  the  Academy  reported  favorably  in  regard  to  the  project,  but 
it  was  not  adopted.  Such  an  arrangement,  while  affording  great  facilities 
for  the  administration  of  the  hospital,  in  objectionable,  as  some  of  the  pa- 
vilions must  of  necessity  be  placed  at  a  wrong  inclination  to  the  sun  and 
the  prevailing  winds.     It  should  be  a  general  rule  that  no  angles  or  closed 


Fio.  le.— Rof«l  Fm  HoflpitaL 


Fio.  IT. — London  Unitpital, 


or  covered  courts  arc  admissible  in  the  general  arrangement  of  the  hos- 
pital. All  suuh  recesses  are  merely  foci  for  foul  air,  and  are  to  be  strictly 
avoided.  To  illustrate  this  point,  ground  plana  of  the  Royal  Kree 
H'lspital,  the  London  Ho8i>itiil  and  Guy's  Hospital,  in  Eiigland,  and  the 
Neckcr  in  Paris,  arc  given;  all  of  them  show  faulty  arrangement. 

dumber  of  stories  orjloora. — The  question  whether  wards  shall  at  any 
time  be  superimposed  ou  each  other  is  an  important  one.      The  single 


i 
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Fig.  is.— Necker  HospitoL 
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Pio.  19.— Gny't  Hospital 


Pio.  90.— Plan  of  %  faoapiUl  for  ehildim. 
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Story  18  by  fa.r  the  best,  where  ap&cfi  aUows.  Tho  one-story  hospital  lit 
moro  easily  managfid:  there  are  no  stairways  or  elevators  to  be  constructed, 
water-tanks  and  pumping-enginos  are  uunocessary,  and  lighter  foundations 
are  required.  Fur  the  uses  of  the  general  non-iiifecliiig  cases  of  disease, 
two  stories  may  be  employed;  for  open  wouods  and  diseases  of  a  possibly 
or  decidedly  contagious  character,  the  single  story  is  decidedly  preferable. 

Dr.  AVylie  thus  sums  up  his  views  upon  the  question  under  considera- 
tion: **Tbe  points  in  the  argument  for  one-story  wards  may  be  summed 
up  thus: 

"1.  Experience  and  science  agree  in  showing  that  widely  detached 
one-story  wards  allow  the  most  thorough  ventilation,  and  therefore  the 
smallest  chance  for  the  accumulation  of  infectious  particles. 

*'  'i.  They  neutralize  the  evUis  of  massing  largo  numbers  of  cases — or, 
what  amounts  to  the  same  thing,  varieties  of  cases,  under  one  roof.  They 
make  classification  of  cases  easy  and  natural. 

**  3.  They  require  less  vigilance;  dust  and  foul  air  find  fewer  lurking- 
holes  and  channels;  cleanliness  and  ease  of  supervision,  as  well  as  fresh 
air,  are  more  readily  Kcoured.     Two-story  hospitals  may  be  kept  healthy 


PlO.  21— fieooDd  Mtor;  of  tbe  aune  hoapit*!  (nee  Fig.  80]. 
(Dikwn  on  a  ollgtiU jF  lufvr  maI*.  ) 

for  a  few  years  with  extreme  care  and  iDtelligence.  Hospitals  of  more 
than  two  stories  ought  never  to  bo  con  tern  pi  at  fd. 

"  4.  The  detached  ward  plan,  which  is  hygicnically  the  safest,  is  also 
the  most  economical,  apart  from  the  amount  of  land  required.  A  ward 
hopelessly  poisoned  by  long  occupation,  if  detached,  can  be  torn  down 
without  disturbing  tho  general  order;  and  when  additional  accommoda- 
tion is  necessary,  other  wards  m*y  be  added  one  by  one,  or  a  short  ward 
can  be  extended. 

"  5,  An  immense  advantage  of  one-story  wards  ...  is  the  case 
with  which  patients  can  be  taken,  bed  and  all,  out  of  doors  in  fuie  weather. 
Vol..  I.— 18 
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FlQ.  S2.— Third  story  of  ume  hospital 
(we  Fig.  20). 


Even  the  very  feeble  can  be  wrap] 
a  blanket  and  rolled  out  on  the  gr 
an  incline,  with  no  fatigue  of  '  g 
ready.'"' 

In  the  detached  plan  the  ad 
trative  department,  including  the 
eral  offices  of  the  establishmen 
those  of  the  medical  officers,  the 
tion-rooms,  drug-room,  and  other 
ments  which  must  be  often  v 
should  be  at  or  near  the  centre,  fo 
of  access ;  the  kitchen  and  la 
should  be  in  a  separate  building, 
uated  as  not  to  cause  annoyance  1 
occupants  of  the  wards  by  ode 
smoke;  the  wards  for  private  pi 
should  be  in  a  retired  part  o 
grounds;  the  isolating  wards  or 
should  be  at  a  safe  distance,  an 
mortuary  or  dead-house  should  be 
ted  at  the  outer  edge  of  the  gn 
at  the  rear.  Where  necessity  re 
the  use  of  a  single  building  for  e 
wards,  the  plans  designed  for  a  chil 
hospital  of  ninety-six  beds  (Figui 
21,  and  22)  may  serve  as  a  good  ex 
of  the  proper  disposition  of  the  s 
parts.  Ill  such  a  building  the  ad 
trative  deiiartmont  should  be  in  th 
tre,  with  the  pavilion  wards  exte 
on  each  side.  A\'here  it  seems  un 
able  to  place  the  kitchen  and  laun' 
a  separate  building,  an  excellent 
wouUI  seem  to  be  to  locate  it  i 
highest  story.*  In  this  way  the 
of  cooking  and  the  more  offensiv 
injurious  effluvia  from  the  washin 
drying  of  clothes  are  avoided,  a 
addition  the  fires  may  be  utilized 
powerful  exhauster  for  the  venti 
flues  of  the  wards  below. 

Staircases. — In    hospitals    of 
than  one  story  the  staircases  shot: 

'  Wylie  :   Op.  cit. 

'  This  has  been  done,  in  the  recent! 
Btructed    buildings  of   the   New   York 

tol. 
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placed  in  a  well,  cut  off  from  other  pRrta  of  the  building  hy  atone  or 
briok  walls.  Kueli  puvilion  sbould  have  its  own  staircase,  and,  in  each 
building  of  consid'>rable  size,  at  least  two  would  be  culled  for.  The  rise 
of  each  atair  should  he  not  more  than  four  Incliea  and  ihf  tread  one  foot. 
Frequent  landings  allow  feeble  patients  to  rest,  and  the  eystem  by  land- 
ings is  easier  to  pass  over  than  a  constantly  winding  flight.  The  best 
material  for  the  stairs  would  seem  to  be  solid  slate.  This  does  not  wear 
Away  and  become  uneven  as  sandstone  or  marble,  or  even  granite  is  likely 
to  do,  and  it  docs  not  polish  and  become  slippery,  as  is  apt  to  be  the  cuse 
with  iron  staircases.     Fire-escapes  should  also  be  provided. 

J^evaturs. — Elevators  to  carry  iwitienta  up  and  down  should  bo  firmly 
constructed,  provided  with  safety  appliances,  and  ennlosed,  like  the  stairs, 
in  fire-proof  wells.  That  thoy  may  not  be  the  means  of  communicating 
the  air  of  one  part  of  the  building  to  another,  the  wells  for  the  statrcosos 
and  elevators  should  be  separately  and  well  ventilated. 

Shoots  J'or  sotted  clothiutf, — The  tjuestion  of  shoots  for  soiled  linen, 
dust  and  ashes  has  been  proposed,  and  in  like  manner  has  met  with  oppo- 
sition. If  used  thr^'  should  be  made  of  glazed  pottery  or  largr;  drain- 
pipes. They  sliLvuld  open  into  tlie  scullery  or  into  the  hall,  and  sliouhl  be 
provided  with  well-fitting  doors.  It  is  essential  that  they  should  be  am- 
tinued  to  the  roof,  in  order  that  they  may  receive  perfect  ventilation. 
They  should  be  inspected  daily,  and  frequently  cleansed.  It  would  per- 
haps be  still  bettor  if  they  could  }>e  placed  entirely  outside  the  building, 
and  be  accessible  on  each  story  only  by  opening  a  wintlow. 

^omV/fjr.t.— rioB*»d  corridors  connecting  the  various  buildings  are  un- 
desirable. They  not  only  constitute  a  means  of  obstruction  to  the  air 
passing  between  the  buildings,  but  serve  to  foster  that  opproVjrium  to 
many,  if  not  most  of  our  present  hospitals,  the  dissemination  of  a  com- 
mon hospital  air.  As  the  patients  are  not  obliged  to  pass  from  one  pavil- 
ion to  another,  they  will  run  no  risk  of  exposure  by  open  corridors,  and 
the  nurses  and  other  officers  can  submit,  without  serious  detriment,  to 
the  occasional  inconvenience  attendant  on  the  weather. 

In  the  discussion  which  followed  the  reading  of  Gallon's  Treatise  on 
Hospital  Construction  before  the  British  Medical  Association,  Dr.  Kumsoy, 
of  Cheltenham,  thus  spoke  of  the  disadvantages  of  covered  corridors: 
"As  showing  the  defect  of  the  corridor  system,  lie  was  informed  by  one 
of  the  professors  that  in  a  case  of  hepatic  abscess,  which  contained  highly 
fetid  pus,  and  had  been  opened  in  a  ward  at  the  extreme  end  of  the  cor- 
ridor, the  first  announcement  that  the  horrible  smell  was  perceived  in  the 
hospital,  was  made,  loudly  enough,  from  a  ward  at  the  other  end  of  the 
corridor,  a  third  of  a  mile  distant,  showing  that  the  putrid  air'had 
been  carried  by  the  corridor  to  that  tliatance." '  It  should  be  established 
as  a  rule  that  all  corridors  connecting  the  different  parts  of  the  hospital 
should  be  constructed  without  closed  sides,  or,  in  climates  where  the 
winters  are  severe.  If  closed,  they  should  be  very  freely  supplied  with 
windows.     These  should  be  constantly  open  throughout  the  largest  part 
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of  the  yca.r»  by  night  and  by  day,  and  should  only  be  closed  da 
or  in  Iho  very  coldest  weather.  Where  it  is  deemed  nccen 
cloftod  corridors  they  should  bo  separated  from  tiic  wardB  at  e 
light,  double-swiug  doors,  covered  with  enamelled  cloth  or  simil 
which,  being  constantly  closed,  will  prevent  dr&u<rhU  and  tbc 
hospital  air.  The  corridord  on  either  story  may  serve  as  exerc 
for  patientB  whoa  the  ground  is  wet  or  very  cold,  as  well  aa 
communication. 

Balvonie». — If  the  buildings  are  made  of  permanent  matel 
more  than  one  story  in  height,  well-supported  balconies  may  I 
the  sunny  aide,  to  give  patients  the  advantage  of  out-door  d 
with  their  wards.  Awnings  should  be  used  to  keep  off  the  n 
powerful.  The  balconies  should  be  well  guarded,  to  prevei 
patients  from  Uirowing  tbeniselvea  oS. 


SECTION   V. 


ARRANOBUBNT   IN   DETAIL. 


TJte  ward  and  its  at^uncta. — We  now  come  to  the  dei 
raont  of  the  ward  and  it^  adjuncts.  The  ward  unit,  which  tl 
atitutes  a  hospital,  will  be  deacribod,  and  tlie  principles  ma} 
into  hospitalx  of  any  cliaractitr,  whether  of  single  or  many  pa 
arate  or  joined  together,  in  one  or  more  stories.  It  should 
bered,  however,  that  the  nearer  the  plan  is  made  to  coiif 
detached,  one-story  pavilion  system,  the  better  will  be  the  r«aij 
in  no  case  is  the  block  or  the  corridor  system  to  be  adopt«<^^| 

A  plan  of  one  of  the  wards  of  the  H6pital  l^artboissid^P 
given  for  reference,     (t^ig.  '--S.) 

Size  oftcard. — The  wards  in  the  Lariboissicre  Hospital,  w| 
modate  32  patients  each,  are  of  the  following  dimcnsionft:  k 
feet;  breadth,  30  feet;  height,  17  feet;  brea^Uh  of  windowi 
breadth  of  wall-spaoo  between  windows,  9.3  feet;  height  of  * 
feet;  superficial  space  per  bed,  104.6  feet.  Simon*  gives  th 
the  desired  width,  and  Miss  Nightingale '  twcnty-Cive  or 
Parkea  *  and  Uytterhocvcn '  pvo  not  more  than  twent^^ 
Herbert  Hospital  the  nndth  of  the  ward  is  ttvcnly-six  f^M 
St.  Thomas's  Hospital  twenty-eight,  and  in  the  new  Hiite^B 


'  Simon  :  Report*  oo  Pnblic  Health,  I/ondoo.  1HA3. 

»  NlghtiDgiile :  Notes  on  lliwpiuU,  rxttidnn.  I9>W. 

•Pirkea:  Practiml  Hj-jfiem..  London,  1800, 

*  VyUarboevsn  c  NoUoe  m  I'U'^i'it^  ^^  <'c«a  &  Bncndl*!, " 


/ 
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nine  feet.  A  greatnr  width  than  thirty  foot  has  been  found  to  interfere 
with  a  due  systom  of  ventilation,  and  a  width  of  leas  than  twenty>four 
feet  jD^ves  insufficient  space  for  two  rows 
of  beds.  The  width  of  the  ward  may 
best  be  put  at  twenty-four  or  twenty-five 
feet.  The  bods  niay  be  set  one  foot  from 
the  wall,  which  makpfi  it  ea^y  to  ap- 
proach them  from  all  sides,  and  conduces 
both  to  cleanliness  and  to  efficient  venti- 
lation. If  the  beds  are  six  and  a  half 
feet  in  length,  this  will  give  a  clear  pas- 
sage between  them  of  nine  or  ten  feet. 

L         iSttper/fciai  and  cubic  space  per  pa- 

f  tient. —  It  may  be  given  as  a  general  rule 
that  a  medical  ward  for  twenty  patients 
should  be,  at  the  sroallcat,  of  the  follow- 
ing dimensions:  length,  SO  feet;  width, 
'25  feet;  and  height  from  1(1  to  20  feet. 
Each  patient  would  then  have  about  100 
superficial  and  1,6CM)  cubic  feet  of  space. 
For  surgical  wards  the  number  of  pa- 
tients in  the  ward  shnuld  be  smaller. 
Sixteen  patients  in  t!ie  same  space  would 
have  each  2,000  cubic  feet,  and  where 
such  a  room  is  used  as  an  isolating  or 
foul  ward,  not  mnrc  than  ten  patients 
should  be  accommodated,  which  would 
give  to  each  3,000  cubic  feet. 

The  subject  of  superficial  and  cubic 
space   to   be   allotted  each    patient    haa 
been  freely  discussed  in  works  on  hoapi* 
tal   construction.      The   following   table        Fio.a8.— L«l>)c.iiiiiiereHoi.piuL 
exhibits   the   auperlicial   area  in  certain  new  hospitals  in    England  and 
France: 


TED 


Naval  Hospital 98  feet. 

Herbert 9<»    " 

Royal  Victoria  (Netley)  103    " 


Guy*s 138  feet. 

New  Hotct-Dieu,  104  to  110    " 
New  St.  Thomas's 112     « 


In  English  hospitals  the  cubic  space  varies  from  600  to  2,000  feet;  in 
London  fron*  2,(XK)  to  2,500  is  considered  advisable;  and  in  Paris  1,700 
has  been  adopted  as  the  standard.' 

Nittnbfir  of  patients  in  a  toard. — ^The  number  of  patients  in  award 
and  the  cubic  and  superficial  space  to  be  altottcd  to  each  are,  to  a  certain 
extent,  convertible  terms.  Miss  Nightingale  says:  "  A  head  nurse  can 
efficiently  supervise,  a  night  nurse  can  carefully  watch,  thirty -two  patients 

*  *  Hartia :  Hotmes'ii  ATatem  of  Sorger/,  Londou,  1802. 
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in  one  wan),  whereas,  with  tbiity-two  beda  in  four  wards,  Uii 
■ible.** '  M.  Trelat  would  reduce  the  standard  to  a  lower  numbor 
fifteoa  to  twenty — mid  hia  opinion  waa  endoreed  by  the  Surgical  I 
of  Paris.'  "  III  wardb  of  iiiut;  sick,  uiauaged  Hkv  llmae  at  Nelley,  ) 
of  efficient  nursing  would  be  nearly  twice  the  cost  of  efficient  nwi 
wards  for  thirty-two  beds  on  the  l^rihoissiere  plan."'  Uenuea  m 
should,  for  thv^  majority  of  porposcs,  prefer  wants  capable  of  acoonuK 
from  twelve  to  sixteen  beds/'*  Puzzi  fixes  ihe  maximum  at  forty.' 
fioore  of  expense,  Miss  Nightiuj^ule  shows  tliat,  if  the  annual  cost  of) 
be  capitalized,  and  if  a  hospital  for  a  given  number  of  sick  be  dirU 
wards  of  nine  patients  each,  the  cost  of  nursing  in  ]jerpetuity  mi 
i;-W8  per  bod;  wlieroas,  if  the  hospital  were  divided  into  wards  of  \ 
fivo  beds  each,  the  cost  would  be  £531  per  bed;  and  with  wards  of 
two  beds  oa4-h,  the  cost  would  be  £'2'iO  per  bed.*  To  recapitidati 
twenty  to  thirty-two  beds  in  a  ward  seems  to  be  the  most  de«irabl 
f<)r  ease  and  economy  of  adminiistration  and  for  facility  of  vent 
Kuoh  bed  should  have  not  less  than  one  hundred  feet  of  superfiouhl 
and  from  fifteen  hundred  to  twenty-five  hundre*!  fe«t  of  cubic  t^M 

FiiUow  tcttrds. — Some  of  the  faults  of  hospitals  already  constroHl 
as  those  unsinf^  from  insufBeicot  space,  poor  means  of  ventilat^ioa,  ■ 
errors  incident  to  the  block  and  corridor  systems,  may,  to  a  cert 
tent,  be  overcome  by  following  the  plan  In  vogue  in  many  buspi 
allowing  alternate  weeks  of  use  and  disuse.  The  custom  of  ailowi 
wards  thus  to  lie  fallow  for  definite  periods  necessitates  larger  act 
Uations,  but  it  is  largely  compensated  for  by  increased  health  in  tJ 
pitaL  Were  the  wards  merely  used,  as  are  the  bed-rooma  of 
dwellings,  as  night^rooms,  we  might  say  that  the  airing  they  reoet< 
morning  would  suffice;  but  as  they  are  necessarily  both  day  aiu 
abodes  for  the  sick,  there  is  no  other  way  in  which  a  thorough  airl 
be  accomplished. 

Wifulotca. — The  windows  of  the  pavilion  ward  ^ould  be  so  at 
as  to  allow  one  to  every  two  beds.  The  beds  between  the  windowa 
bo  not  less  than  three  feet  distant  from  each  other,  and  the  d 
from  the  end  of  the  ward  not  less  than  four  feet  and  six  inc^M 
windows  should  extend  frum  two  feet  from  the  6<>or  to  within  a 
the  ceiling;  they  sho\dd  open  easily  at  top  and  bottom,  should  ha 
of  slate  or  marble,  and  should  be  suitably  airanged  for  purpocea  < 
tilation,  as  will  l)e  described  on  a  later  page.  At  least  one  wini 
each  ward  should  open  like  a  door,  to  give  access  to  the  baloonj 
superficial  foot  of  window  to  from  fifty  to  fifty-five  cubic  feetot 
afford  a  light  and  cheerful  room  in  most  climates. 

)  NightiiiKBle  ;  Ai>pendix  to  R«pact  oo  Cablo  Space,  Ixnidoii,  1667. 

*  Tr61at:   Leu  U6pitsax,  etc.,  Paiii,  1809. 

*  Report  of  Committee  on  Borraoks  sad  Hospitals,  Loodou,  IML 

*  Hcnp&u  :  Op.  uit. 

*PoEsi :  FoUxia  degli  Spe<lAli«  Livorno.  1839. 
'Nightingfale  :  X oboa  uu  UtMpiLoU. 
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Square  wards  vs.  loity. — In   contradistinction    to    the    long  pavilion 
wards,  those  more  nearly  square  in  form  have  been  adopted  at  the  Massa- 
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Fia.  24. — Folaom'B  plan. 

chusetts  General  and  other  hospitals,  apparently  with  good  results.      Dr. 
Folsom   recommends  that  such   wards  should   be   56  by  43  feet,  these 
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dimensions  being  calculated  for  23  patients.  A  central  chim 
ventilating  stack  occupies  the  middle  of  the  ward,  is  provic 
dpen  fireplaces  and  registers,  and  affords  abundant  means  for  vei 
He  says:  "The  advantages  of  a  nearly  square  room  with  a  cent 
are:  the  privacy  of  each  bed,  as  compared  with  its  situation  in  a  ] 


2 


^^ 


"^ 


without  obstruction  to  the  view;  the  absence  of  draughts,  the  i 
and  warm-air  supply  being  nearly  equally  distant  from  all  pan 
ward,  and  the  chimney  stack,  by  its  volume  and  position,  interuij 
mixing  accidental  air-currents;  and  the  ease  of  administration, 
being  nearly  equidistant  from  the  supplementary  rooms  of  the  wi 
The  great  objections  to  the  plan  proposed  by  Dr.  Folsom  see 


'  Plans  for  Johns  Hopkins  Hospital. 
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the  too  closn  proximity  of  thn  water-closets  to  the  wards;  that  the  sun- 
light does  not  so  oonipletoly  reach  all  part«  of  the  ward  in  the  square 
form  as  in  the  pavilion  proper;  and  that 
the  entire  ward  cannot  be  so  fully  under 
the  supervision  of  the  nurse.  The  sun- 
room  or  ghtzed  porc-h  is,  however,  a  very 
desirable  feature,  and  oan  be  more  advan- 
tageously attached  to  the  square  than  to  the 
long  ward. 

Ward  adjtnicf^. — The  adjuncts  of  the 
ward  arc  the  water-closets  and  urinal,  the 
lavatory^  nurse-room,  scullery,  dining-room, 
clothes  and  medicine  closets,  and  sun-room. 
The  vyater-dosfU  should  be  in  a  room  at  the  distal  end  of  the  ward, 
and  this  room  should  be  separated  from  it  by  ventilated  lobbies,  and 
should  be  itself  well  ventilated.  The  disposition  of  the  closets  given  by 
Miss  Nightingale '  is  a  very  good  one,  but  perhaps  that  given  by  Galton* 


Pio    as.— XS&lUHi*!  plan  for  tho 
dtxpoaitinD  of  Che  watcr-cloieta. 


J 


\ 


Fio.  37. — PUa  uf  Mparat«  ventilatioii  for  wster-closets. 

is  better,  as  the  diagonal  position  of  the  connecting  lobby  is  more 
adapted  to  catch  the  currents  of  air  passing  along  the  side  or  end  of  the 
building,  and  so  secure  more  efficient  ventilation.     The  walls  sliould  be 


'  Klshtiugale :  jfotcu. 


*  Oalton :  Op.  cit 
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be  provided  for  overy  ten  patients.  A  sink  should  be  provided  in  the 
same  apartment  for  the  disposal  of  slope  and  the  contents  of  chamber- 
vessels  (Fig.  29).  It  should  be  supplied  with  a  laiyo  tap  for  water.  An 
excellent  form  of  urinal  is  one  in  which  a  thin  itpray  or  sheet  of  water  is 
thrown  out  from  a  jet  to  the  sides  of  the  basin,  fonning  a  complete  veil 
through  which  the  urine  in  jirojected  into  the  vessel  (Fig,  30).  This  plan 
bs«  recently  been  patented,  and  has  been  usetl  in  some  of  the  public  urinals. 
The  question  may  arise  whether  indejM-ndent  water-closets  or  privies, 
outside  the  building,  may  not  be  ser\-iceable  for  those  patients  who  are 
able  to  be  in  the  open  air.  If  it  be  thought  desirable  to  have  such  privies, 
they  should  be  placed  at  a  proper  distance  from  the  wards  and  screened 
from  the  public  vit-w.  The  question  of  external  water-closets  must,  of 
course,  depend  mi  the  ability  of  patients  to  leave  their  beds,  and  still 
more,  to  ascend  and  descend  stairs.  The  following  census  of  the  patients 
at  Bellevue  Uospitai,  New  York,  with  reference  to  their  ability  to  tra%'erae 
a  llight  of  stairs,  was  recently  taken: 

Num()er  able  to  traverse  a  flight  of  stairs 242 

"  "     walk  only  about  the  ward 101 

'*        unable  to  leave  their  beds 99 

Total 442 

These  figures  cannot,  however,  be  safely  taken  as  a  criterion  to  deter- 
mine the  advisability  of  removing  the  water-closets  from  the  wards.  The 
exposure  to  cold,  the  difficulty  of  deciding  who  could  or  who  could  not  go 
into  the  open  air,  and  other  considerations,  would  lead  one  todissent  from 
Dr.  Smith's  views  in  this  respect,  as  well  as  front  his  suggestion  of  **  the 
small  room  on  the  ward  floor,  with  dry-earth  closets,  a  urinal,  and  a  lava- 
tory,"* with  which  easy  mention  he  dismisses  the  subject  of  water-closets. 

LamUort/. — The  lavatory  and  hath-rrmm  may,  in  like  manner,  be 
situated  at  the  distal  end  of  the  ward.  This  room  should  be  funiished 
with  set  basins,  for  hot  and  cold  water,  in  the  proportion  of  one  for  every 
eight  patients,  and  be  well  warmed  and  ventilated.  A  suitable  plan  is 
that  given  by  Miss  Nightingale  in  Fig.  25.  The  floor  should  be  imiwrviDUs 
to  water,  and  all  plunibing  should  be  exposed.  Fixed  batli-titba,  in  sepa- 
rate rooms,  adjoining  the  lavatory,  should  be  allotted  in  the  proportion  of 
at  least  one  to  every  twenty  patients.  A  movable  tub,  mounted  on 
wheels,  must  be  supplied,  for  the  use  of  patients  who  are  unable  to  leave 
the  wards. 

The  remaining  service-rooms  of  the  ward  may,  in  the  long  wards,  be 
at  the  proximal  extremity,  or  that  nearest  the  general  administrative  de- 
partment. 

Kftrw-room. — The  nurse-room  should  be  light,  cheerful,  and  well-aired. 
As  it  is  not  only  the  office  of  the  head  nurse  of  the  ward  for  the  trans- 
action of  the  regular  ward  business,  but  her  living  and  sleeping-room 


'  Johiu  Hopkins  Hospital  Plans. 


764        GENEKAL    PWN'CIPLES   OP    HOSPITAL    CONSTUUOTIOy. 


1 


after  her  work  ia  ov«r,  it  should  bo  on  the  many  aide  of  the  wurdj 
comfortably  arranged.     It  should  have  a  door  opening  into  lh<i 
a  window,  for  the  supervision  of  the  ward,  opening  into  it. 
nurses  and  night*nurscs  should  have  rooms  in  other  parts  of  th4 

»ScK//ery. — The  scullery  or  work-room  should  be  near  the  room 
nurse  and  under  her  eye;  it  should  be  supplied  with  a  small  rang 
gas-stove  for  the  cooking  of  special  diets  and  delicacies;  an  enamelc 
with  hot  and  cold  water;  closets  for  the  crockery  of  the  ward  dining 
and  for  brooms,  brushes,  and  similar  utensils  to  be  used  in  cleanic 
should  bo  carefully  ventilated.  The  under-aurseB  might  take 
there. 

Dininff-room* — A  small  dining-room,  annexed  to  each  ward, ! 
desirable  for  such  patients  aa  are  able  to  be  out  of  bed,  in  order  tha 
may  be  removed,  during  meal-times,  from  sights  and  sounds  whirl 
once  the  appetite  of  a  sick  person. 

Medicine^  linen,  and  clothes  ctonfts. — Closets  for  the  medicis 
and  utensils  in  actual  use  in  the  ward  should  open  from  the 
dition   a  large,  separately  vontilatod  closet  should  be  provided,  n 
least  one  window,  and  ranges  of  shelves  or  pigeon-holes,  about  eij 
inches  high  and  two  feet  deep,  to  hold  the  clothing  not  needed 
patients  in  the  wards.     If  madi.*  of  wire  netting,  with  coarse  meabi 
shelves  will  b(i  more  satisfaetoriiy  ventilated  and  more  easily  kepi  < 

Sun-hath. — All  hospitals,  of  whatever  form  of  constructio^f 
have  rooms  where  a  sun-bath  can  be  enjoyed  at  seasons  when  e;^S 
the  outside  air  would  bo  prejudicial  to  delicAte  persons.  They  she 
immediately  cnnti^ous  to  the  wards,  have  glazed  windows  on  thrafl 
and  be  furnished  with  comfortable  chairs  and  lounges. 

Cotivalescettf  teards. — If  the  patients  remain  in  the  hospit* 
convalescence  is  thoroughly  established,  it  would  be  well  to  havoM 
wards  provided  for  their  convenience.  Such  patients  will  more  q 
i-each  a  condition  of  j>erfect  health,  in  the  intermediate  stage  be 
hospital  and  home,  if  a  change  of  scene  be  allowed  them,  and  if  tfa 
removed  from  the  presence  of  their  more  aerioasly  sick  comjM 
Such  accommodations  should  be  arranged  with  a  due  obsen'anoA 
needs  of  sunlight  and  ventilation;  they  should  have  se]>arate  diain 
sitting-rooms,  and  be  surrounded  with  grounds  for  exercise 
ment. 

Convalescent  hrtmche*. — Some  of  our  hospitals  arc  alroad) 
with  convalescent  departments  in  the  country,  or  are  supplei 
other  institutions,  at  a  distance,  to  which  patients  can  be  n>moved 
convalescent.     The  Convaleseent  Home  of  the  Ormoad  Street  Ho 
Ivondon,  the  Seashore  Home  for  Children,  at  Atlantic  City, 
the  Convalescent  Flonie  of  Tlie  Chiljren*a  Hospital,  in  Boston,  i 
pies  of  this  wise  provision, 

I'rfvafe  icttrdA. — A  certain  number  of  private  wards  are  dcuin 
every  hospital  for  patients  of  the  higher  olossea,  who,  from  insai 
home  accommodations  or  other  reasons,  may  seek  the  hospital.     ( 
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advantages,  suuli  as  retirement,  separate  atten<lnnoe,  etc.,  whiuh  arc  gen- 
erally enjoyed  by  pereoiis  of  refinement  and  culture,  will  larfrcly  conduce 
to  their  recovery  and  wclfiiri*.  Pnvutv  wards  sliould  be  of  a  sizn  t«> 
accommodate  one,  or  at  rooet,  two  beds,  and  a  certain  num)>er  of  thent 
should  have  connecthig-doon*  for  the  convenienre  of  friendu  iir  private 
tiurses;  separate  water-closets  and  balh-rooais  and  open  fireplaces  should 
bo  provided  for  each  room. 

IsoUUing  wanls. — In  all  hospitals  there  should  be  set  apart  for  con- 
tagious cases  certain  rooms,  capable  of  the  best  ventilation,  and  with 
abundant  light,  which  can  be  sepuratetl  from  all  surroundings.  Notwith* 
standing  Jliss  Nightingale's  statement  that,  "  in  the  ordinary  sense  of  the 
word,  there  is  no  proof  such  as  would  bo  admitted  in  any  scientific  in- 
quir)%  that  there  is  any  such  thing  as  contagion,"  and,  in  speaking  of  in- 
fectious diseases,  that  *'iii  reality  there  ought  to  be  nu  disease  so  con- 
sidered; and,  with  proper  sanitary  precautions,  diseases  reported  to  be 
moat  infectious  may  bo  treated  in  wards  among  other  sick  without 
danger,"  '  public  opinion  would  demand  that  no  risk  should  be  run  in  such 
oases.  Patients  suffering  from  contagious  or  infectious  diseases,  or  foul 
wounds,  delirious  patients,  and  those  otherwise  disagreeable  to  the  senses 
of  sight,  hearing,  or  smell,  must  be  treated  apart.  Ovariotomy  eases  must 
bo  occasionally  operated  on  in  general  hospitals,  but  their  treatment 
should  be  regulated  with  great  care.  Isolating  wards  should  ho  carefully 
separated  from  other  parts  of  the  hospital;  in  largo  hospitals  they  should 
be  located  in  distant  paits  of  the  grounds,  and  in  the  smaller  ones,  in  the 
upper  story,  where  they  should  be  cut  off  by  double  doors,  with  separate 
entrances,  if  possible,  and  separate  and  abundant  ventilation.  Suoh  a 
ward  should  be  built  with  separate  rooms  to  accommodate  one, or  at  most, 
two  in  each  room.  The  administration  of  these  wards  necessitates  sepa- 
rate nurses  and  attendants,  and  medical  officers  should  visit  them  last  in 
their  daily  rounds.  The  si>ecial  isolated  hut,  so  fully  described  by  Dr. 
Wylic,  of  New  York,  in  his  work  on  Hospitals,  meets  the  case  excel- 
lently.' 

One  or  two  of  the  rooms  of  the  isolating  ward  might  be  mado  close 
rooms  or  cells,  for  the  accommodation  of  cases  of  delirium  tremens,  or  for 
patients  who  have  become  suddenly  insane. 

Tents. — The  more  nearly  patients  are  brought  to  the  condition  of 
being  treated  in  the  open  air,  the  more  quickly  and  surely  will  they  re- 
cover. The  wooden  barrack  and  the  hut  are  good,  but  for  many  cases  the 
tent  is  better.  As  adjunotA,  at  least,  to  the  hospital,  we  should  look  to 
the  tents  in  our  hospital  yards,  in  the  warmer  season,  as  the  most  suit- 
able places  in  which  to  treat  the  gravest  wounds  and  many  of  the  v^avereT 
form.<t  of  disease.  "  Ever  since  1804  the  Surgical  Clinic  of  the  Hethanien 
Hospital  in  Berlin  has  be«n  removed  through  the  summer  to  tents  in  the 
garden  of  the  establishment.  LaCharite,  in  Ucrlin,  following  the  cxampjo 
of  the  Kussiau  hospitals,  constructed  a  summer  pavilion.      In  IKGC,  Stro- 
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moyer  treated  tlie  woun^lecl  uf  LangensaUn  in   lerus,  an<)  at 
tent  and  hospital  barracks  arc  used  dunug  the  sumnit^r  ut  Ber 
Leipzig,  Dresden,  Frankfurt,  etc.'*' 

The  lent   offers  to  thr  8inun(>r  tovms  a  ready  means  fnr  tl 
iinmU-p(i.\,  typlms  fever,  and  similar  cunlaj^ioiui  disoaaea,  and  whet 
tage  hoapitub  be  provided  or  not,  the  addition  of  a  toot  or 
Boiiie  time  ur  other,  be  found  useful.     "  It  must  readily  be  see 
and  simple  a  thing^  it  is  to  provide  good  hospital  accnmmodatj 
emergency — no  matter  how  sudden  and  iinex|H.'rted — dial  tho] 
of  epidemic  and  infectious  diseases  luay  oeeasion.'' ' 

Dr.  BilUngs  recommends  that,  for  a  hospital  of  4lX)  j^tit 
hospital  tentR  of  tho  U.  S.  A.  pattern  be  kept  constantly  < 
made  metliodical  use  of  as  isolated  wards.' 

Ailminintraliv^  dty/urfment, — The  general  administratire  d^fpii 
of  the  hospital,  if  of  considerable  size,  will  comprise  the  office  of  tl 
tution,  reception-  and  waiting-rooms,  apartments  for  the  visiting  i 
staff  and  house  officers,  rooms  for  the  tnatron  and  other  employ"''*, 
storage  and  dispensing  of  medicines,  linen,  and  stores,  a  ciuj 
library,  all  of  which  might  be  in  one  building,  which  should  be  e 
located  on  the  front  line  of  the  hospital.  The  conatruotion  of  Uii 
ing  requires  no  special  description. 

The  rt'sident  physician  or  executive  officer  should  be  provided 
cottage  on  the  grounds,  for  himself  and  family.  The  plan  of  ^U 
him  with  quarters  withjn  the  hospital  buildings  is  umlcsirablo.  ^M 

Accident  mtd  ofy^rnting  rnom«. — The  accident  and  upf^raftng 
should  l>e  in  a  separate  building,  centrally  situated,  and  easy  o£ 
and  but  one  story  in  height.  The  opexating  amphitheatre  sho^f 
vided  with  seats  for  the  accommodation  of  physicians  and  stoflH 
desire  to  witness  the  operations;  it  should  be  fully  Iightc<l  by  lar| 
dowa  opening  toward  the  north;  full  provision  should  be  inada  i 
tilation,  and  gaslights  for  use  at  night  should  bo  placed  at  a  con«i 
distance  from  the  operating-table,  in  order  to  avoid  accidents  fri 
ether  catching  fire.  Instrument-  and  apparatus-rooms  should  adj* 
two  rooms.  A  roam  for  thp  administration  of  ana'slhelics,  a  ao* 
for  patients  who  are  waiting  for  or  recovering  from  operatiani 
suiting-rooms  for  the  medical  officers,  arc  also  required. 

Kitchen  and  UtunUnj. — In  large  hospitaU  the  kitchen 
with  pantry,  store-roi^m.s,  refrigerators,  etc.,  should  be  placeil 
position,  but  in  a  building  which  has  no  connection  whatcvei* 
wards,  either  by  corridors  or  in  any  6ther  manner.  In  snuUer  Ikh 
where  the  entire  establishment  is  under  one  roof,  it  is  dt^cidedly  pr« 
that  they  should  be  situated  in  the  upper  story,  with  suitable  an< 
ventilated  lifts  from  the  lowest  story,  for  carrying  up  coal  and  ator 
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for  the  conveyance  of  food  and  linon  to  the  wards.  AH  these  lifts  should 
be  carried  above  the  roof,  wiiere  they  should  end  In  ventiliilors.  The 
-kitchen  and  laundry  should  never  bo  in  the  basement.  These  apartments 
should  be  separated  fnim  other  parts  of  the  building  by  double  Uoorij  and 
ventilated  lobbies,  and  they  should  also  receive  abundant  ventilation  by 
direct  communication  with  the  open  air.  Cual  and  the  heaviest  stores, 
and  the  boilers,  may  be  in  that  portion  of  the  basement  whirh  is  situated 
beneath  the  administrative  department;  but,  as  previously  stated,  that 
part  of  the  basement  below  the  wards  should  be  reserved  exclusively  for 
ventilating  and  hentinfi^  purposes. 

A  room  for  the  purifying  and  disinfecting  of  mattresses  and  linen 
may  be  situated  near  the  laundry,  with  racks  for  support,  and  means  for 
filling  the  room  with  .sioani  and  disinfecting  gases. 

Autop9i/-  and  (Uad^rootn, — The  autopsy-room  and  mortuary  should  be 
at  some  distant  part  of  the  establishment,  whore  they  can  be  easily  reached 
by  friends  from  the  outside,  and  from  which  bodies  can  be  conveyed  with- 
out being  seen  by  patients  in  the  wards.  The  floors  and  mop-boards  of 
this  building  should  be  of  slate,  and  the  walls  painted.  The  autopsy-table 
should  be  ventilated  by  a  separate  apparatus.  Tlie  excellent  pattern  sug- 
gested by  Ur.  H.  .1.  Bigelow,  and  figured  in  the  hook  published  by  the 
trustees  of  the  Johns  Hopkins  Hospital,  leaves  nothing  to  be  desired  in 
thi.s  direction.  A  limited  nutnburof  seats  should  be  provirled  for  stuileiits 
who  desire  to  witness  post-mortem  examinations.  Hot  and  cold  water 
should  be  supplied. 

The  mortuary  or  dead-room  should  adjoin  the  autopsy-room,  as  should 
rooms  for  the  use  of  the  pathologist  and  for  the  pathological  cabinet.    , 

Out'pfttient  depart»ient. —  Rooms  for  the  treatment  of  out-patients, 
with  small  rooms  adjoining  for  attending  physicians  and  surgeons,  aro 
usually  required  in  large  hospitals. 

The  neci-ssity  for  ambulances  in  connection  with  every  large  hospital 
ia  well  rt'cogriizetl.  If  amhuUnees  are  used,  provision  must  be  made  for 
a  Stable,  with  aparUnents  adjoining  for  medical  officer  and  driver,  and  tele- 
graphic communication. 


SECTION  VI. 


MEANS    OP    nSATnTQ. 

The  subject  of  heating  and  that  of  ventilation  arc  largely  dependent 
on  each  other.  A  saiisfaotory  system  of  ventilation  implies  the  extraction 
of  a  large  amount  of  warm  air,  and  necessitates  the  heating  of  a  corre- 
sponding amount  of  air  to  take  its  place.  Cheap  heating  implies  poor  ven- 
tilation. The  managers  of  a  hospital  must  therefore  be  content,  if  they 
desire  mi  etSeient  inethoil  of  ventilation — in  itself  the  great  safeguard  of 
the  patients — to  supply  large  means  uf  heating. 
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Tn  ntosi  cities  and  towns  in  the   temperate  regions   tlio   tbpnnnmrlr^ 
ranges  through  the  year  from  zero  to  one  hufidred  dugreea  of  tbu  Falirpri 
heit  tbermometer.     In  the  latitude  of  lioston  artificial  be«t  mast  be  wx^ 
plied,  to  a  greator  or  less  cxt«nt,  for  six  or  swvcn  months  la  thi*  ycar^and] 
at  all  seasons  occasional  cool  monimgs  and  evenings  c-all  for  moderate  fire«Lj 

Heat  may  bo  fumi»hrfl  eithe 
by  hot-air  furtiaceo,  by  it«anv 
or  hot-watex  pipes  and 
tor6,  or  by  open   5replaoe«  orl 
ventilating   mtoved.      Fur 
are  less  easy  to  manage  in  I 
institutions;  the  currents  of  he 
air,  if  conductc<{  for  conside 
ablf    ilistanc^B,    are    UDoertain 
and  are  easily  affected  byfary*. 
ing  winds  and  changes  in  thai 
temperatore.     Heat  from  bo(-1 
-water  pipes  is  mild  and  . 
able,  but  is  not  so  prompt 
its  action  as  heat  derived 
steam-pipes;      the      bot-wal«rJ 
pi|Misv8iemt  furthermore,  is  i 
adapted  to  climates  where  i 
den  changes  occur  in  tbo  tesa-J 
pt•^alu^«^      Heat  derived  from 
steam-pipes  is  more  geiienJIy 
used.       This   may   be   dertv 
from   coils  of  pipes  which 
placed  in  chamh^^rs  in  the  bast^J 
ment,  and  from  which  lh« 
air  is  conducted  as  from  hot> 
air  furnaces,  and  distribotnd  to 
the  wards.     The  same   intrao- 
tabilicy    is    apparent    hen!   as 
with    hejil    derived    from    fur^ 
naces.     The  best  method  i 
to    be   that    of    placing  ooibl 
or  railiatnm  immediately  under 
the  rooms  to  be   bcafcd,  wilh^ 
openings  communicating  wiiJ 
the  outside  air,  from  which  fresh  air  may  pass  over  the*   cotU  and 
then  conveyed  directly  into  the  wards  or  rooms.      Bv  this  diviAion  of  1 
coils   the   beat   is  more  generally  distributed,  it  can   bo  more  easily  ke 
under  control,  and  the  air  is  more  economically  warmed. 

Or.  Folsom,  in  tlio  **  Plana  for  the  Johns  Hopkins  Hospital,**  thus  de- 
scribes his  method  of  regulating  the  temperature  of  the  air  to  b«  «dinittrd 
into  the  wards: 
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"  Tho  radiators  are  hung-  from  the  floor-timbers  by  iron  rods,  aiul  are 
ftiiolosed  in  a  wooden  box  lined  with  tinned  slicet-inMi,  with  a  duor  at  the 
Bide  for  the  removal  of  dust. 

"  The  air  h  admitted  through  the  top  half  of  the  cellar  window,  which 
Ih  hung  on  hinges  at  the  top,  and  op^^ns  outwnrd,  and  the  amount  of  air 
admitted  is  regulated  by  a  crank  in  the  room  ah<ive,  which  connects  by  a 
rod,  with  a  quarter  circle  attached  to  the  window-sash.  The  movement 
of  the  crank  opens  and  closes  the  window;  but  opening  to  the  full  extent, 
represented  by  dotted  lines  in  the  plate,  would  be  desirable  at  all  times, 
unless  during  a  very  high  wind. 

"The  direction  of  the  air  thus  admitted  is  determined  by  a  valve  made 
of  a  strip  of  board  suspended  hy  hinges  from  below  the  front  of  t-lie  rad- 
iators, the  position  of  which  is  regulated  hy  a  rod  connected  withasecond 
crank  in  the  room  aljove.  The  stability  of  the  crank  in  the  position  given 
it  by  the  hand  of  tlic  attendant  is  insured  by  a  set-screw,  with  a  bit  of 
rubber  or  leather  beneath  the  tip. 

"  When  the  valvo  is  in  the  horizontal  fjosition,  all  the  air  is  directed 
to  the  radiators,  and  is  fully  healed  by  rising  through  the  stack,  after 
which  it  passes  up  througli  the  space  in  the  wall,  beneath  the  window,  to 
the  vertical  register  just  under  the  window-seat.  M'lien  the  valve  is 
placed  in  the  vertical  position,  indieatctl  by  dotted  lines  in  the  plate,  all 
the  air  is  directed  upward  away  from  the  radiators,  but  is  tempered  by 
mingling  sfmiewltat  with  the  air  circulating  in  the  space  over  the  radiators, 
and  then  reaches  the  rooni  by  the  register  above.  \N'Iien  the  valve  is 
plaoed  in  an  intermediate  position,  the  air-current  is  divided,  part  of  it 
only  is  heated  by  passing  thrfmgh  the  radiators,  and  this  then  mingles 
with  the  ascending  cold  portion  before  il  reaches  the  regi&ti:;r  and  enters 
the  room. 

**  It  is  apparent  that  the  temperature  of  the  room  can  thus  be  regulated 
to  suit  varying  conditions,  without  interfering  with  the  fresh  air  supply, 
and  without  modifying  the  access  of  steam  to  the  radiators.  If  the  room 
gets  too  warm,  the  nurse,  instead  of  closing  the  re/jUter,  and  so  shutting 
ofT  the  oxygen,  simply  turns'the  crank  a  little  upward.  If  the  thermom- 
eter, which  hangs  near  the  door,  falls  below  the  standard  directed  by  the 
attending  officer,  the  crank  is  turned  downward.  If  a  sudden  general 
atmospheric  change  has  taken  place,  and  the  temperature  still  falls,  the 
mtpply  of  air  may  need  to  be  tcmf>orarily  diminished,  till  the  engineer,  who 
watches  the  thennometer  out  of  doors  as  well  as  his  gauges,  has  time  to 
rcHtore  the  suddenly  fallen  8teara-]>re8surc, 

"The  proper  use  of  the  contrivanees  described  requires  intelligence 
mid  faithfulness  on  the  part  of  the  attendant,  but  no  more  than  would  be 
recjuired  to  properly  regulate  temperature  in  any  other  way." 

In  addition  to  the  means  of  heating  already  mentioned,  open  fireplaces 
should  be  used  in  every*  ward,  less  for  the  purjtose  of  heating  than  as  an 
aid  to  ventilatinn,  and  for  the  moral  effect  on  the  patients.  The  (ire- 
places  may  be  at  the  side  of  the  long  wards,  and  midway  of  their  length, 
or  ill  the  centre.  In  the  latter  case  tfie  products  of  combustion  must  be 
Vol.  I.— 40 
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conducted  under  the  floor  of  the  wards,  and  thence  into  side  floes  m  thn  ' 
walls.       In    the    square    wants    auch    uieaofl   of   heat'iiig^   ar^'    necr^sartly 
thrcjwn  into  the  centre  of  the  warda,  with   the  smoke-at&ck  in  thv  p^nlrB 
shaft.  I 

The  smoke-flues  from  all  local  fireplaces,  and  fn>in  all  heating^,  cook- 
ing, or  laundry  fires,  should  be  made  of  iron  piping,  or  of  f«rthenwar«, 
and  Iw  enclosed  tit  ventilating-  flues  ;  no  opportunity  shouKl  Hf  lost  o(  at- 
otiring  so  powerful  an  aid  of  ventilation  as  is  fumifibed  by  this  meibod. 


SECTTOX   VUL 


VKNTILATION. 


Various  attempts  have  been  made  to  settle  scientifically  the  amount  of 
air  needed  for  satisfactory  respiration.  Experimenters  have  started  from 
various  standpoints^  have  ailopted  various  methmls,  and,  very  naturally, 
have  arrived  at  widely  different  results.  The  atmosphere  outaide  of 
houses  provides  an  unlimited  extent  of  respirable  air,  and  constant  means 
of  purification  and  ntovenient.  The  erection  of  buildings  continually  in* 
terfores  with  natural  conditions,  by  enclosing  the  air  in  confined  apacM^ 
saturating  it  with  impurities,  and  rendering  it  stag^iant.  In  the  ventila- 
tion of  liuspitaU  the  primary  object  shouM  1m?  tn  overoomp  thin  atagm- 
tion  "  with  a  continuous  current  which  shall  always  be  bearing  away,  a» 
rapidly  as  evolved,  every  volatile  laiiit  which  arises  from  the  sick." '  Aa 
adult  man  inspires  and  expires  about  thirty  cubic  inches  of  air  at  ^vprr 
respiration,  and  breathes  about  twenty  times  in  a  minute.  With  figure* 
nearly  akin  to  these,  and  making  due  allowance  for  the  excrolion  n( 
caH-»unio  ackl  and  watery  vapor,  and  for  the  exhalations  of  th«  akin. 
Parkes  concludes  that  the  amount  of  air  neceasar^'  per  hour  for  a  man  in 
health  must  be  about  2,083  cubic  feet.'  Pettenkofer,  by  a  aimilar  ex- 
periment, has  fixed  the  amount  at  3,1*^0  cubic  feet. '  Grassi  would  mak» 
it  2,118  feet,  and  the  experiments  of  Vierordt  and  Valentin  reach  atmilar 
results.  Parkcs  says  :  "  From  a  number  of  experiment*  in  which  th« 
outOuw  of  air  was  measured  antl  the  carbonic  acid  simultanonusly  dr- 
terniined,  I  have  found  at  least  2,00(1  cubic  feet  per  hour  must  bo  gJTM 
to  keep  the  carbonic  acid  at  .5  or  .6  per  1,000  volumes,  and  to  entirelT 
remove  the  fetid  smell  of  organic  matter.  When  1,200  or  1,400  feet  omly 
were  given,  the  carbonic  acid  amounted  to  .7,  .8,  or  .9  per  1,000  rolamea. 
My  friend.  Dr.  Sankey,  from  careful  experimenta  with  a  fan,  found  that 
when,  in  a   ward   in   the  London   Fever  Hospital  used  aa  a  chapel,  800 

>  BriBtove  and  Uoltnes :  Op.  oit 
»  ParkoK :  Op.  cit- 

>  Pctlenkof«r:  Ueber  den  Lottweofasel.  M:itu:hen.  ISSa 


I 
I 

■ 

1 


GESfERAL    PIUNCIPLES    OF    UOSFITAL   OONSTRtTCTION.       771 

cubic  foet  per  head  per  hour  were  supplied,  the  ventiUtion  was  insuffi- 
cient." 

The  committee  on  improving  barriicks  and  hospital«,  after  careful  and 
long-continued  investigations,  arrived  at  the  conchision  that  1,21M)  feet 
should  bo  stippliod  to  each  man  in  barracks  per  hour,  giving  Iiim  at  the 
same  time  GW  cubie  feet  of  air-space.'  Dr.  Billings  says  :  "  It  appears 
to  me  that  2,000  cubic  feet  per  hour  per  man  may  ho  accepted  as  a  proper 
allowance  for  soldiers  in  barracks." '  The  allowance  rei^uiretl  by  the 
Metropolitan  Buanl  of  Health  of  New  York  is  1,000  feet  for  eacli  person 
inhabiting  tenement-houses.*  The  metlical  regulations  of  the  Britisli 
army  require  the  following  cubic  space  for  each  man,  proper  means  being 
taken  that  the  air  should  be  changed  at  stated  times  : 

In  permanent  barracks fJOO  cubic  feet. 

"  wooden  huts 400     "         " 

"  hospital  warrls  at  home 1,200     "         " 

"  in  the  tCopics ; 1,600     "         " 

"  wooden  hospitals  at  home COO    "        " 

At  present  the  demands  for  ventilation  in  France,  per  hour,  per  per- 
son, are  : 

In  hospita,ls  for  ordinary  cases , .  2,120-2,470  cubic  feet. 

"        "  "    wounded 3,530  " 

"        "  "    epidomica fi,300  "  « 

"  prisons 1,400  "  " 

*'  workshops,  ordinary 2,120  "  " 

"  *'  unhealthy 3,530  "  " 

"  barracks,  cUy 1,060  "  " 

"        «  night 1,410  "  " 

"  theatres 1,410-1,765  •  "  " 

Dr.  Wylie  says,  in  hia  work  on  hospital  construction  :  "About  1,800 
cubic  feet  of  air-.spaee,  with  a  surface  area  of  124  square  feet,  has  been 
adopted  as  the  space  require<L  We  would  liave  the  space  vary  in  ac- 
cordance with  theiclass  of  disease  to  be  treated  in  the  bed," " 

^uturfti  and  artijlrial  veittilatioti. — Ventilation  is  effected  by  two 
methods,  somewhat  indefinitely  described  as  natural  and  artificial,  the 
former  being  governed  simply  by  the  forces  continually  existing  in  nature, 
the  latter  by  the  forces  set  in  action  by  man.  Heid  speaks  of  the  natural 
method  of  ventilation  aa  "  a  process  by  which  the  movements  are  induced 
or  sustained  in  the  air  in  the  same  manner  as  wind  is  produced  in  the  ex- 

'  Parked  :  Op.  oit 

'  Report  nf  Committee,  op.  cit, 

'  Joha!)  HopkLnn  HiMpitol  Plans. 

*  Code  of  ITnalth  Ordinanoe,  etc,  New  York,  I860. 

*  Peitenkofer:  Loc.  ciL 

*  WjUe :  Op.  cit. 
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lem&l  atmosphere,  these  movenients  being  increased,  when  necesa*ry,  by 
the  action  of  heat,  and  by  the  erection  of  a  shaft  or  chimney,  that  the  hetl 
may  acquire  additional  force."  '  The  iudcBuitcness  of  the  subject  is  cti- 
denced  by  the  sentence  quoted,  as  the  latter  part  of  the  sentence  dis- 
tinctly encroaches  on  the  methoda  more  commonly  known  as  artificial. 
A  more  decided  division  would  be  into  methods  by  perflation  (or  the 
strictly  natural  methods),  by  aspiration  or  extraction,  and  by  propalsion 
or  injection,  the  last  two  being  more  commonly  known  as  the  vacuum  and 
plenum  methods  of  ventilation. 

The  method  by  perftaiioii  includes  windows,  fireplaces,  and  direct 
openings  through  the  walls  or  the  roof,  including  the  so-called  ridge  rctt- 
iilation.  It  haa  been  previously  stated  that  satisfactory  ventilation  de- 
ponds  to  a  oertnin  extent  on  the  dimensions  of  the  room,  and  that  a  greater 
width  than  thirty  feet  is  a  hinderance  to  the  passage  of  the  air.  An  ex- 
ceedingly high  room  is  equally  unsatisfactory,  and,  in  one  unduly  length- 
ened, the  air  i»  likely  to  be  pure  at  one  end  and  foul  at  the  other.  It  baa 
also  been  found  that  a  room  with  an  arched  or  vaulted  ceiling  is  mora 
easily  ventilated  than  one  where  it  is  flat. 

VhUilatiun  by  xoindotts. — The  simplest  mode  of  securing  natural  ven- 
tilation is  by  means  of  windows.     In  most  seasooa  of  the  year  these  can 
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VmciUtion  by  mcaiu  of  windowt. 


PlO.  3S. 


be  opened  for  at  least  part  of  the  day»  and  If  raised  at  the  bottom  ove 
inch  and  lowered  at  the  top  an  equal  amount,  cxrellent  ventilation  can  hm 
secured  with  little  danger  of  draught.  Ttie  perfunitofl  glasses  sccuna  a 
certain  amount  of  air.  The  method  guggestt^d  by  Or  Colting,  of  rai»ii^ 
the  lower  saah  about  tlinw  inches,  and  inserting  a  boanl  the  width  of  tfas 
window,  secures  a  considerable  ventilating  space  between  the  two  saahea 
at  their  point  of  junction.     The  adaptation  of  boards  at  the  top  and  bot- 

'  Bcdd  t  Ulustntions  of  the  Theory  and  Practice  of  Veatilfttiaa.  Loodoa,  1844. 
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torn  of  the  window,  as  suggested  by  the  essayist  of  the  Massachusetts 
Medical  Society,  by  which  a  current  of  air  in  and  out  at  the  window  ia 


Fio.  Si. — Folsom's  tnnBom  window  (open). 


Fig.  85. — FolBom's  truiBcm  window  (Hhat), 


created,  is  also  an  excellent  idea,  which  may  be  applied  in  practice  at 
very  little  expense.  It  is  best  illustrated  by  the  accompanying  cuts  (Figs. 
32  and  33).  Various  methods  have  been  adopted  in  hospitals  by  which 
the  upper  portion  of  the  sash,  or  a  supplementary  sash  of  about  a  foot  in 
width,  can  be  let  down  to  an  angle  of  45°,  and  controlled  by  cords  passing 
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rlirect  communicatinii  with  the  external  air.  In  tho  English  report  on 
Ijarracks  and  liospitals,  it  is  proposed  that  openings  bo  made  through  the 
walia  of  the  buildings,  to  commumcate  on  tlie  one  hand  with  lh«  ex- 
ternal air  or  with  air-spaces  within  the  walla,  and  on  the  other  with  the 
wards,  behind  a  perforated  coniiee.'  (See  Fig.  3S.)  The  Sherringhara 
ventilator  (Fig.  3d)  supplies  a  ready  method  in  a  simitar  manner.  Jen- 
nings' air-bricks  &v^^  shown  in  Fig.  40.  Arnott's  chinmoy-valvR  (Fig. 
41)  furnbhes  openings  into  an  air-shaft  within  the  wall.  It  is  protected 
by  a  flap  of  silk  or  ganzc  and  a  perforated  sheet  of  zinc  or  a  wire  netting. 

The  system  of  ridge  ventilation  has  been  largely  and  successfully 
used  in  buildings  of  one  story,  the  superstructure  being  freely  open  to  the 
external  air.'  The  louvre  or  opening  at  the  top  should  be  provided  with 
shutters  on  either  side,  to  be  closed  on  tho  windward  side. 

A  very  simple  j»lan,  devised  by  Dr.  .1.  B.  Hamilton,  Surgeon  IT.  S. 
Marine  Hospital  Service,  for  tho  ventilation  of  a  water-closet  at  tho 
Marine  Hospital  at  the  port  of  Boston,  has  been  found  to  work  so  woU 
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Fio.  42.— Hamilton'i  mrthod  of  TentilMiog  ft  oloMd 
Pio.  41.— Amott'«  ohimney-TiJTc.  room. 

that  mention  is  made  of  it.  The  woollen  shaft  AB,  open  at  each  end,  is 
placed  in  an  outer  passage  through  which  the  air  Hows  freely.  With  the 
wind  from  the  direction  A  the  air  passes  into  the  shaft  and  is  discharged 
into  the  closed  room  at  C.  It  is  forced  out  at  D,  and,  by  the  method  of 
perflation,  passes  out  at  B.  The  action  of  the  air,  in  tho  passage-way 
outside  the  shaft,  also  increases  the  outward  current  at  B  by  tho  method 
of  aspiration.  With  the  wind  in  the  direction  B.\,  the  current  is  re- 
versed. 

Openings  for  ventilation  should  be  made  both  at  the  top  and  at  the 
bottom  of  the  room.  It  is  an  error  to  suppose  that,  because  carbonic  acid 
is  heavy,  the  air  rendered  foul  by  respiration  and  combustion  tends  to 
descend  to  the  floor.  If  carbonic  acid  were  pure  it  would, as  the  simplest 
chemical  experiment  shows,  be  heavier  than  air;  but,  when  diluted  and 


'  Report  of  Committee  on  Barracks  and  Hospitals. 

>  Hn-mmood  :  A  Treatise  on  Hygicae,  Philadelphia,  1808. 
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beated,  it  mixes  with  the  atr  and  is  onljr  to  be  ftoparated  hy  the  open) 
of  chemistry  or  vegetable  fort-en.  In  g:ei)er»l,  if  the  air  to  be  adtni't 
cannot  be  wanned^  it  sliould  bo  actnutted  nine  or  teu  feet  from  the  H 
and  t>e  directed  upward;  if  warmed,  at  the  bottom.  Outlets,  if  he«t«i 
aspirated,  cau  be  at  any  ]K>)nt:  if  not  heHled,  thi-y  should  be  at  the  I 
It  is  ordy  by  a  division  of  the  ventilating  means  into  email  dttotft  I 
draughts  can  bo  avoided. 

Dratiff/its. — *'The  rate  at  which  the  movement  beooine8,peroc|! 
much  influenced  by  the  temperature  of  the  air;  if  this  is  about  70"J 
considerable  velocity  is  not  perceived.     But,  taking  the  temper 
56'  or  60*  F.,  a  rate  of  1^  feet   {>er  second  (=1  mile  per  hour 
not  perceived;  a  rate  of  :i  and  2^  feet  per  second  (1.4  and  1.7  miles 
hour)  is  imperceptible  to  some  persons;  3  feet  per  second  (^  milea 
hour  nearly)  is  perceptible  to  most;  a  rate  of  3^  feet  is  perceived  b^ 
persons;  any  greater  speed  than  this  will  frWp  the  sensation  of  drauf 
especially  if  the  entering  air  be  of  a  different  temperature  or  moist,*" 
Ventiiation  hy  aspiration. — Next  in  importance  to  the  method  wl 
secures  ventilation    hy    means  of  openings  which   comravinicate   dir« 
with  the  external  air^  is  thn  method  of  extraction.     The  fireplace  and 
open  stove  first  suggest  themselves.     The  injunction  bears  repetition  1 
all  flues  in  hospital  buildings  should  serve  the  double  purpose  of  cairji 
off  the  smoke,  etc.,  and  aiding  the  ventilation.     All  smoke-stacks  she 
be  inclosed  iu  ventilating  shafts,  having  direct  communication  %riUi 
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FiO.  43.— Wfttoon'n  plan  of  ▼Mttlfttioa. 


FlO.  44.— MAddaweli'K  plan  o(  TcokUal 


wards.  Steam-pipes  passing  to  upper  stories  may  serve  the  same 
or,  in  place  of  either,  a  suitably  arranged  fire,  or  one  or  mor^*  gaslig 
the  upper  part  of  the  shaft,  will  furnish  asci^nsional  power.  The 
may  scr\'o  the  additional  ]>urposc  of  lighting  an  upper  ball  or 
large  hospitals  a  powerful  exhaust-power  is  derived  from  a  tall  chimii 
which  ventilating  pipes  are  conducted  from  the  various  parts  of  the 
stitution.  Kig.  4;J  shows  the  plan  for  ventilation  suggested  by  Wats 
and  Fig.  44  that  by  Mackinwell.     A  phiu  is  given  by  Keid,  by  whidi 


■  Parkea :  Op.  oiL 
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AxliAttst  veiililators  may  be  adapted  to  ornamental  pillars  or  concealed 

within  the  walls.'     The  system  of  ventilators  may  be  aided  by  the  uae  of 

fottl-air  closots  for  i-ach  bed  or  for  alternate  beds,  to  be  connected  with 

t  he    ventilating    slia  its ;    such 

acrommodalione  may  be  used  /V^" 

for    Gptt-cups    and    chamber* 

vessels,  which  in  this  way  are 

practically  removed  from  the 

ward  and  yet  at  the  same  time 

remain  within  reach. 

Still  another  method  is  that 
of  utilizing  the  gas-bttniers  of 
the  ward  in  such  a  manner 
that  the  air  supplied  for  com* 
bustion  passes  into  the  f^as* 
fixture,  and  can  then  only  es- 
cape by  conduits  directly  into 
the  chimney  or  into  ventilat- 
ing shafts.  Figs.  45,  46,  and 
47  show  different  plans  of  ac- 
complishing* tliis. 

In  St.  Luke^s  Hospital,  in 
New  York,  a  large  chapel  waa 
constructed  in  the  centre  of 
the  building,  into  which  the 
wards  on  the  two  stories  open 
directly  by  doors.  The  pri- 
mary object  of  the  nhapel  was 
to  allow  the  patients,  confined 
to  their  beds,  to  listen  to 
the  morning  and  evening  re- 
ligious services  of  the  Episcopal  Churoh.  It  was  found,  however,  that 
this  room  acted  as  a  vast  ventilating  flue,  by  which  the  air  was  drawn 
frOTj)  the  wards.  Tliis  plan  could  only  be  made  practically  useful  by 
keeping  the  windows  of  such  centra]  hall  constantly  open. 

Gahon  recommends  that  one  square  inch  of  outlet  bo  allowed  for  every 
fifty  or  sixty  cubic  feet  of  space;  these  proportions,  however,  should  vary 
somewhat  according  to  the  extent  of  tloor,  and  also  to  »ome  extent  accord- 
ing to  the  height  of  the  room."  The  barrack  commissioners  of  18tJl  order 
on  an  average  eleven  square  inches  of  outlet  for  each  man,  and  the  area 
of  the  inluts  is  made  nearly  equal  to  that  of  the  outlets;  and,  including 
the  <diiiiinev«  (for  which  they  allow  six  inches  to  a  man),  the  total  of 
o|>entngs  per  head  is  about  twenty-eight  square  inches  per  head.  Parkes 
would  make  each  individual  inlet  opening  not  larger  than  from  forty- 
eight  to  aixty  square  inches,  or  enough  for  two  or  three  menj  and  the 
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Fia  45.— Gm  Tentilator. 


'  Seid :  Op.  ait. 
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outlet  not  more  than  one  square  foot,  or  enough  for  six  meo.     Dii 
tion  is  more  certain  with  iheso  sinal!  r.peninga.' 

Ventilation  h>j  propitUtoiu — The  inethoi]  of  ventilation  by  extr 
IB  more  nearly  allied  to  the  natural  one,  a«  the  method  by  propulsio 
more  properly  be  called  the  artificial  method.  Practically  the  plans 
tlepeiid  sulely  on  artificial  meaus  have  failed.  At  tlie  Lariboissiun 
pital,  which  cost  £100,000,  a  very  beautiful  mitl  tiig^niotis  system  o 
ficial  ventilation  is  in  use;  but  the  wards  are  not  sweet  or  health} 
the  York  County  (England)  Hospital,  soon  after  it  was  built,  the 
neys  were  closed  and  a  similar  artificial  system  was  adopted;  but 
found  to  bo  ineffectual,  and  a  return  to  more  natural  means  was  foi 
be  necessary.  At  Guy's,  Bristol,  West  Kent  and  Maidstone  boe 
and  at  the  Liverpool  Royal  aud  Edinburgh  infirmaries,  artiBctal  ti 
tion  has  been  tried  and  abandoned.     The  extract  from  the  viewm  ol 


^S 


Fia  46.— Gw-TeutilBtor. 


Fio.  4?.-43a»-TBntUaucf 


Xightingule,  expressed  in  1863  to  the  French  Academy,  on  the  ni 
slate  of  the  Laribois8i^re,  e]>itomizes  the  faults  of  artificial  and  the  ■ 
toffos  of  natural  ventilation.  "The  principle  by  which  ifaRsegentl 
M.M.  Gu^neau  de  Mussy,  Louis,  Rayer,  and  Cloquet,  were  guided,  wa 
uf  ventilation  ii]  as  simple  and  perfect  a  manner  as  possible.  Tbi* 
ml  ventilation  is  now  replaced  by  a  very  ingenious  and  expeniivc 
licial  ventilation.  .  .  .  Why  not  have  courage,  and  introduce  6a| 
and  air  wards  from  without  at  the  natural  temperature  ?  .  .  .  ^| 
lated  he-at  and  regulated  admission  of  fresh  air,  with  shafts  for  nin 
foul  air,  would  cure  the  Lariboissi&re;  nothing  else  will  ....  The 
of  ventilation  in  the  Lariboissiere  is  the  worst  I  ever  met  with  .  .  ^| 
tilatiun   -with  warm    air  is  a  mistake  ....     While  we  ant  sti^H 


'  Parke*  :  Op.  oit. 
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introduce  and  force  upon  England  the  pmvilion  conatmction  for  hospitaU, 
which  is  derived  from  France,  the  Frenoli  are  foraiug  it  into  contempt 
by  their  abominable  lutificiaJ  ventilation."  ' 

Aa  the  essence  of  the  method  by  extraction  ia  the  exhaustion  of  the 
air  of  a  room  which  is  supplied  by  air 
rushing  in  through  other  Inlets,  so  the  | 
system  of  propulsion  is  obtained  by  re- 
pletion with  air  which  is  left  to  escape  as 
best  it  may.  The  propulsive  j>ower  used 
at  Lariboissi^re,  at  Beaujon,  and  the 
UtVpital  Necker,  is  directed  from  a  central 
shaft,  and  the  air  is  distdbuted  at  various 
points  where  it  is  needed.  The  fan-blower 
has  been  adopted  in  many  institutions, 
but  the  system  is  an  expensive  one,  and  ^'«-  ■»«— EgTpt""  raoa**  «f  ^ntiUtion. 
has  not  been  considered  entirely  succeasfuL  The  fan  is  valuable  for  those 
cases,  as  in  theatres  and  crowded  assembly  halls,  where  a  large  amount 
of  air  has  to  be  suddenly  and  temporarily  supplied.  If  the  machinery 
breaks  down,  the  ventilation  stops. 

Dr.  Van  Hecke  suggested  supplying  the  air  by  the  Archimedean 
screw;'  Dr.  Amott  by  an  air-pump  and  gasometer,  with  air-tubes  ex- 
tending to  the  p<>iiit  of  exit* 

Parkes  states  that,  in  Egypt,  the  wind  is  allowed  to  blow  in  at  the  top 
uf  the  building  through  large  funnels  (see   Fig.  48).     This  method  has 


I. 


-v^ 


Fia  40.— lUid't  TMitiktiji^  cowl. 


Fia  SO. — Different  fonn*  of  cowU. 


been  in  use  from  lime  immemorial,  and  may  be  carried  into  eflfect  by  means 
of  wind-sails  or  cowls  at  the  top  of  descending  flues  (see  Figs.  49  and  50). 
Combined  ni^hods  of  tientUation. — It  has  been  found  roost  desirable 
to  combine  various  means  of  ventilation  in  the  same  building  for  the  ad- 
mission of  pure  air  and  the  elimination  of  foul.  It  should  be  dearly 
understood  that  the  air  must  be  pure,  that  it  must  be  warmed  if  too  cold, 


'  Shrimpton  :  The  Ciimean  Wot.     The  British  Ann/  and  Hiss  Xlghllsgalo,  Paris, 
1864. 

'  Report  of  Committee ;  Op.  <ut. 

*  Amott:  Art.  "  On  the  estsbltHbtnent  of  hospitals,"  Loudon  Med.  Gazette,  1840. 
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and  that  it  most  be  well  distributed  through  the  rwm.  so  as  to  be 
oeptible,   and  so   that   all   parts   shall  be  woll  vcntiUtod,     The 
natural  mcaas  mu8t   never  be  wanting,  and  the  various  tDodtfi#d 
should  simply  supplement  tbetn.  ^M 

The  objection  may  be  raised  thai,  with  so  many  methods  oP 
tion  in  operation  in  the  aamo  building  or  apartment,  the  different  i 
will  be  very  likely  to  militate  against  each  oth^r.  However  thU  i 
it  may  safely  be  assumed  that  no  one  system  is  perfect  or  wiU^ 
under  all  conditiona  of  the  atmosphere. 


SECTION   VniL 


MTATSarSUrFtY. 


Tie  water-supply  is,  in  most  cities,  obtained  from  muniflifll 
panies,  and  can  bo  furnish>Kl  in  practically  unlimited  amoun|^| 
states  that  the  amount  of  water  taken  by  a  healthy  man  is,  on  ■ 
age,  from  ^  a  fluid  ounce  to  ^f  or  ^  of  an  ounce  for  each  pound  i 
pois  of  body  weight.'  A  man  weighing  140  ]>ounda  will  therefo 
from  70  to  90  fluid  ounces  daily,  and  in  ordiniiry  diet  about  91 
ounces  of  this  are  taken  in  the  solid  food.  This  amount,  howeTer, 
considerably  increased  if  the  persons  are  engaged  in  employtoenta 
ing  active  exertion.  The  smallest  amount  for  pcr&onal  uae,  deaa 
clothes,  and  for  the  share  of  house<washing,  is  about  4  gallons  per  bni 
The  supply  required  will  be  lai^ly  increased  if  water -rioaets  ani 
be  used.  In  ISH'^,  T.nndon  received  about  50  gallons  per  head  daUy; 
the  average  supply  to  fourteen  Knglish  towns  of  secotid^rata  nm 
was  24  gallons.  In  1878  6fteen  American  cities  received  an  mvi 
nearly  6t>  gallons  ^cr  head  daily.  For  honpitals,  from  4U  to  SO 
daily  is  the  least  that  should  be  usimI  per  bed. 

Where  other  sources  than  an  nquefJuct  must  be  depeodad  on, 
at^tention  is  to  be  given  to  the  character  of  the  water,  aiKl  espec 
liability  to  contamination  from  water-closets  or  priviea,  ceoapooli 
age  from  marshes  or  unhealthy  IncJtlities. 

AVTiore  it  becomes  necessary  to  store  water  in  tanks,  they  sh< 
made  of  slate,  iron,  or,  if  in  the  gromid,  of  brick.  [.«ead  and 
never  be  used.  The  tanks  should  be  covered  in  all  caaea^  to 
absorption  of  impure  air  and  to  lessen  evapomtinn.  To 
end,  they  shoukt  be  deep,  rather  than  extended,  and  tfa«y  i 
oonstnicted  that  they  can  be  frequetitly  and  readily  ic 
cleansed. 

The  pipes  for  the  distKbutiou  of  water  sfaould  be  lined  or  j 
tooted  as  to  prevent  the  immediate  contact  of  the  wat«r  with  . 

'  Parkas :  Op.  oU. 
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Tn  most  liirgc  inatitiition«  water  is  Bupp!ip<l  through  meters,  a  plan 
which  is  excellent  in  itself,  if  not  watt-hed  so  carefully  as  to  prevent  a  duo 
use  of  the  water  to  meet  the  rcquireincnta  of  health. 

The  time  will  jjerhapa  come  when  seaport  cities  will  depend  for  thnii 
Kupply  of  water,  for  extinguishing  tires  and  for  Himilar  purposes,  on  tho 
ocean  or  hftrbor,  so  that,  by  a  method  resembling  that  known  as  tho 
Holley  system,  salt  water  may  be  forced  in  unlimited  supply  through  tho 
principal  avenues  of  the  city.  Under  such  circunisisnues  the  main  might 
be  tapped  at  a  point  near  the  hospital,  and  a  supply  uf  salt  water  bo 
secured  for  o&sos  where  its  use  would  be  bcneficiai, 


.SECmON   IX. 


DRAIXAGK. 

No  drain  should  pass  under  any  part  of  a  hospital,  or,  indeed,  under 
any  inhabited  building,  but  sliould  be  conducted  directly  away  from  tl.i 
walls  into  a  common  sewer. 
Drains  should  be  trapped  at 
the  various  points  where 
water  enters  them — as,  for 
example,  at  basins,  bath-tubs, 
sinks,  and  water-closets  an 
well  OS  at  gome  point  outride 
of  the  buildi  ng,  before  the 
large  gervice-driiins  enter  the 
common  sewer.  No  better 
(rap  fur  basins,  sinks,  and 
urinals  can  be  suggested  tlian 
that  of  Col.  Waring,  a  cut  of 
which  is  given  (Fig.  51).  An 
un<loubted  source  of  danger 
in  the  ordinary'  trap  lies  in 
the  fact  that  the  water-seal 
being  exposed  to  sewer-gas 
under  pressure  from  below, 
absorbs  sewer-gas,  which  it 
gives  o(T  at  tho  natural  den* 
sity  of  the  atraospbcre  above. 

Ammonia  has  been  found 
to  produce  its  chemical  effect 
at  the  house  end  of  a  trap 
within    fifteen    minutes  after  Fio.  51.— Waring'i  trap, 

being  introduced  at  the  sewer  end.     Col.  Wariug's  trap  has  not  only  the 
water-seal,  but  also  a  metal  valve,  which  is  claimed  to  be  water-,  steam- 
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and  gas-tight,  and  which  allows  the  passage  of  water  downward,  \ 
perfect  protection  against  any  return  current  coming  from  the  o 
direction. 

English  architects — ^and  it  raaj  well  be  conceded  that  the  Engl 
far  in  advance  of  us  in  sanitary  architecture — recommend  that  drai 
cKscharge  their  contents  outside  the  building,  through  an  open  ] 
a  grating,  and  then  through  a  flush  trap  into  the  sewer;  but,  if  p 
trapped  and  ventilated,  a  continuous  drain  seems  preferable,  and 
climates  the  pouring  out  of  the  sewage  on  the  open  grate  would 
practicable. 

The  smaller  drain-pipes  within  the  building  may  be  of  lead-] 
a  size  commensurate  with  the  work  td  be  accomplished;  soil-pipes 
always  be  of  iron.  The  main  drain-pipes,  and  especially  the  soi 
must  in  all  cases  be  carried  above  the  roof,  as  a  means  of  ventilat 
to  relieve  pressure  on  the  general  drainage  service.  They  shouli 
be  conducted  within  the  ordinary  ventilating  shafts. 

Drain-pipes  and  soil-pipes  passing  down  through  the  buildic 
upper  stories  should  be  enclosed  in  independent  shafts,  so  arran; 
that  the  pipes  can  be  reached  throughout  their  length  for  inspecti 
repair.  In  fact,  in  all  institutions,  all  plumbing  and  pipes  for  the 
ance  of  water,  either  pure  or  foul,  should  be  exposed.  Drain-pi] 
water-pipes  should  not  be  laid  agaiuBt  outer  walls  or  in  any  posit 
posed  to  frost. 
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SECTION  X. 

LIQHTIXG. 

The  wards  of  a  hospital  need  not  be  supplied  largely  with  means  of 
lighting  for  use  at  night;  but  the  necessary  Bxtures  should  be  of  the  ven- 
tilating pattern,  the  gaslights  being  made  to  do  the  double  duty  of  illumi- 
nation and  ventilation.     The  patterns  of  gaslights  furnished  by  Messrs. 


Fia.  62.— Ventilatiog  gms-fiztora. 

Storms  &  Son,  Southwark  Bridge  Road,  London,  and  by  other  English 
manufacturers,  seem  to  meet  every  requirement.  Simpler  devices,  which 
combine  the  same  ideas,  may  be  adopted  (Figs.  45,  46,  and  47).  The 
lights  for  the  service-rooms  and  the  adni'nistrative  department  may  be 
the  same  as  commonly  used  in  dwellings. 


SECTION  XI. 

COTTAOB    HOSPITALS. 

No  treatise  on  hospital  construction  at  this  day  can  be  complete  with- 
out reference  to  cottage  or  vilUge  hospitals.  Though  comparatively  un- 
known in  this  country,  they  are  taking  a  prominent  place  in  the  economy 
of  English  country  life. 
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Dr.  George  Derby,  in  his  report  to  the  Massachusetts  Stat« 
Health  for  1874,  says:  "There  are  many  reasons  for  believing  tl 
present  time,  small  and  well-arranged  hospitals  in  at  least  twei 
busy  towns  would  be  the  means  of  saving  life,  and  of  preventii 
suffering  to  both  the  sick  and  the  well.*  ' 

The  system  of  village  hospitals,  if  rightly  understood,  would 
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Fio.  53.— Cotta^  hospitaL— Plan  of  groand  floor. 

welcomed  by  medical  men  practising  in  their  neighborhood,  as  f 
a  ready  means  for  the  treatment  of  various  classes  of  patients ;  for 
those  who  cannot  be  properly  cared  for  in  their  homes,  and  case 
dent  requiring  immediate  treatment  or  operation  and  subsequei 
attendance  and  nursing.  Such  hospitals  should  be  open  for  pi 
all  the  reputable  physicians  of  the  town,  although  the  immediat 

'  Report  of  State  (Masa )  Board  of  Health  for  1873.  Bostoo,  1874. 
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the  institution  should  be  under  the  control  of  one  judicious  medical 
officer. 

It  should  not  be  considered  that  the  establishment  of  a  village  hospital 
necessitates  gratuitous  attendance  on  its  patients.  U  should  be  under- 
stood that  the  tax-payers  of  the  town  provide  a  building,  in  which  their 
own  pDoplc,  under  circumstances  which  may  happen  to  any  one  of  them, 
can  be  more  satisfactorily  attended  than  in  their  own  homes,  while  the 
professional  fees  of  the  physicians  might  rumaiu  the  same. 

The  country  practitioner,  with  such  means  at  hand  and  aided  by  one 
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Fvt.  M,— CotUge  hoBpitaL — Plui  of  ncond  Boor. 

or  two  trained  nurses,  would  have  the  advantages  now  enjoyed  only  by 
metropolitan  physicians,  and  would  be  enabled  to  keep  his  patient  under 
his  eye,  within  easy  distance  of  bis  own  home.  The  patient  too  would 
have  the  familiar  faces  of  friends  and  neighbors  about  him,  and  could 
breathe  his  own  pure  country  air.  "Tiie  o[)portunity  of  giving  this  fre- 
quent attention  is  lost  when  the  patient  lives  at  a  distance  from  a  medical 
man,  whose  daily  work  is  too  often  represented  by  forty  or  fifty  miles  of 
travelling  a  day." ' 

The    hospital    organized   by   Mr.    Najiper,  in  Cranletgh,   Kngland,  in 
1S59,  and  that  by  Mr.  Davis  about  tbb  same  time,  were  the  pioneers  of 


'  Swete  :  Handy- Book  of  Cottage  noapltala,  London,  187U. 
Vol..  I.— M 
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at  least  sixty  (1870)  scattered  throaghoat  the  British  Islands, 
and  inexpcnsiveneas  should  be  the  first  considerations  in  the  ar 
of  cottage  hospitals.  It  is  not  intended  in  the  smaller  institati 
class  to  imitate  in  any  way  the  form  or  the  details  of  a  geoen 
with  its  wards,  nurse-rooms,  etc  A  plun  country-hoose,  of 
size,  possessing  the  advantages  of  healthy  situation,  with  a  sc 
posure,  plenty  of  sunlight,  good  drainage,  and  a  reasonable  i 
ventilation,  will  answer  all  the  purposes  of  such  a  village  faosf 
or  two  beds  to  one  thousand  of  the  population,  or  a  larger  pro 
manufacturing  districts,  should  be  provided.     Five  or  six  bedi 
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Pia  55. — Plan  of  lugn'  cottage  hospital. 

ample  for  many  of  our  country  towns,  la  addition  there  sh 
good  kitchen,  a  sitting-room,  office  or  living-room,  and  a  covere 
on  the  sunny  side.  The  height  of  ceiling,  the  water-supply,  the 
ventilation  and  heating,  the  bath-room,  water-closet,  and  other 
mortuary-room,  where  a  coroner's  inquest  may  be  held  or  a  pa 
examination  made,  a  plot  of  ground  where  convalescents  may  en 
bath  and  fresh  air— all  these  are  subjects  which  would  call  for  at 
the  establishment  of  a  village  hospital.  Common  sense  views  a 
necessary  in  small  as  in  large  hospitals,  whether  in  town  or  coi 
simple  plan  for  a  village  hospital  is  given  in  Figs.  53  and  54. 
found  necessary  to  provide  for  a  larger  number  than  six  or  eigh' 
plan  would  be  to  construct  one  or  more  pavilions,  in  addition  t 
pital  proper,  which  would  then  serve  as  the  administrative  d< 
and  for  the  accommodation  of  attendants. 

A  plan  for  a  larger  cottage  hospital  is  given  in  Fig.  55;  it 
hcation  of  one   figured   in   Swete^s  Uandy-Book  of  Cottage    '. 
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in  which  A  might  represent  hall  and  passages,  B  matron's  room,  G  re* 
ception  anj  manager's  room,  D  wards  for  six  patients  each,  K  balconies, 
F  kitchen  and-  annexes,  G  day-room  and  dining-room,  H  water-closet,  I 
itpeciat  ward,  adjoining  K  operating-room,  J  surgical  apparatus,  L  area, 
M  mortuary,  N  tmtli-raam.  Additional  rooms  for  private  patients  and  at- 
tendants may  l>e  provided  over  li,  C,  G,  F,  etc. 


BIBLIOGRAPHY. 


W  Statntea.  Rules  and  Orden  for  the  Govemmeut  oi  the  Conntj  Hospital  of  North- 
I     ampton.     XnrtfaiunptLon,  llAii. 

Hunro :  An  Account  of  the  Disboacn  wbioh  wure  most  frequent  in  the  Briiitth  Mill* 
tary  Hospitals  in  Oemuiny.     London,  1704. 

Footer :  On  HoHpitaK     Dabtin,  176H. 

JoncH :  Plain,  fonciie.  Practical  Remarks  on  the  Treatment  of  Woaods  and  Froo- 
turei;,  to  which  u  oJded  a  short  Appendix  oq  Gamp  and  Military  Hueiiit&b.  Philk. 
delphia,  177II. 

Ruppoct  dcs  coiniuiulona  charg^  par  l'acad£mie  d«  I'^xamen  dn  projet  d'au  noavcl 
HdteirJioii.     Poris,  1786. 

Tenon:   HctQoire  !>ur  lea  hopituox.      Paris,  1786. 

Iberti:  Obserratioos  g^n^ralea  sar  ten  hopitaax,  eaiviesd'on  projet  d'hOpital.  Lon- 
don. 1788. 

Howard :  An  Aocount  of  the  Principal  Lasarottos  in  Europe.     Warrin|rtoD,  1780. 

Eoohefoucauld :  Rapport  du  uomit6  de  mendicittJ.     Faria,  1790. 

Blixartl  :  Su^^gBsttoiut  for  tha  Iinpruvemont  of  Hunpitalii.      London,  t79G. 

TUjani :  Colleiione  d'of»ervazioni  e  rjlfl>t!atoai  dl  chirnrgia.      I79S-1903. 

Peroival :  Hedioal  Btbics  and  Di.<«coarBe  on  Hospital  DutiL-K.     Mannhester.  1803. 

iTooksoa:  Uansfement  of  Hospitala  Uedical  Department.  British  Army.  Lon- 
don. 1H0:{. 

Williams  :  IliotA  on  Ventilation  of  Hospitals.     1804. 

Corrisart,  Leroax  et  Boyer :  Rapport  mu  TUdpital  des  Knfants  Maladea  Paris, 
1805. 

ClavoTPaii :  M6moire  «nr  lea  hdpitnax  olvibt  de.  Parts.     Paris.  18f»5. 

Dnchimoy  :  Projut  d'line  pouvelle  organization  des  hopitaar.     Paris.  1808. 

Rapport  an  Conscil-Gcnvial  par  le  Comte  de  PaHtoreL      Paris,  1HI»8. 

Ban  >H :  Sobre  oh  hoMpitalRS  do  reino.  Liabon  Aoad.  di  Sci.  Mem,  Econ.  T.  4. 
Lisbon.  1812. 

Hocherl :  Traite  mr  lei  soins  a  donnsr  anx  malades  et  aux  pauvres.  Mnuidi, 
1818. 

TQton  :  Eoonomical  OlMerrationa  on  Military  Hospitals.     Wilmia^n.  1813. 

Barton:  A  Treatise  containing,'  a  Plan  for  the  Internal  OrganiEatinn  and  Oorem- 
ment  of  Harint>  Huopitatn  in  tbo  United  States.     Philadelphia,  1814. 

Manu:  Hedioal  Skotohea  of  Ibe  Campaigns  of  1813,  '13,  and  *  14,     Dedham,  1816. 

Daroot :  Lea  fumigations,  etc.     1819. 

Comptea  mornnx  rle  I'administrotion  g^'n^rale  de  raiwistance  pnbliqne  des  indigents 
A  Paris.     Paris,  18l8-(i4. 

Bylreiter:  Domestic  Kconomy,  Mode  of  Warming,  etc.,  in  Derbyshire  General  In- 
firmary.    Nottingham,  1819. 

Carter ;  A  Short  Account  of  some  of  the  Principal  Hospitals  of  Frmnoe.  Italy,  Bwits- 
erloud.  and  tbe  Xetherlanda     iKmdon,  1810. 


78H       GKNKKAJ.    I»RI^01PLBS    OF    HOSPITAL    CONS 


las  tvoMi 

J 


ioB^5 


Dolpeobr   M^tnotre  tle^  h^tpitaox  du  mldi.     18S0. 
nennen;  Priuoiples  uf  MiULary  Snrgerr.     Xioodon,  1839. 
Boidalejr :  Ilocpital  Facta  aaxl  ObMivktioas,     LoodoB.  It£i8. 
FboUn:   ChariUraof  IrelaniL     DaUin,  IS»U. 
Piuwiit'Ducbalelut :    Ajuulea  d'by^tine  publiqae  ;  mat  las  vidfti 

Biobardson  :  Wuiiuns  aod  VentllmUoa     Loadon.  1637. 
Poni:  PolbdA  degli  ospedalcL     Uromo.  1839, 
Stftrk :  Plan  lar  Einricbtimg  etucs  KranksDhAaacML     Grl*ti 
Bftpport  de  1a  oammiauon  mi-<licaJe   ohaigte  d'exuniner  Iw 

LuiboiuiAre.     Para.  16311. 

Sntgozlar  :  llajiport  dos  hntipiuos  civile,  eUx     Puria.  1630. 
Aioott :  Art  "  On  ibn  Et4tiiUi:ihinent  of  tlospitAls."      Lond.  Hei 
Parkea:  Stawon^DtA  respecting  UuHpitals  in  Hun*.     London.  16 
CorRierr:  On  luUian  HovpiuOfl.     I&lt.  ^^ 

Oenindo :  Lo  viaiteur  du  paarr*-.     Parts.  1 1^1-  ^| 

Joanul  of  the  Statistical  Socitfty  of  Loiidoa-  ItMt  et  hihi.  ^B 
Pointe:  Uistoire  lojiogrnpb.  et  mM.  da  yDuid  IIrit«l-Dieu  do  I^ 
TbomiKiD:  Art.  "On  ibe  niiDloianiGneM  of  Sootcb  ffoKpitals.*' 

Surg.  Jour.      ISl^I, 

Athpitol  nud  Whipcord :  Baths  and  WoshbonKPii.  l^mdoa. 
pDumet:  Mcraoire  ear  la  ronttlktioii.  Paris.  1844. 
Roid  :  lUafttratioiu  of  tbe  Tboorjr  uid  Pniniica  ttt  VenlOatioa^? 
Wtiqad;  a  Practical  TretittM!  oq  VL'tililntiAK.  Oombtidge,  1M&. 
Bookman  :  A  HiAturj  ur  InvuDUoiDi.  DiaoovcriaA,  and  Ori^Bo.  Ii 
AnibroaUi  Ambrogio :  Uapporto  d«Ua  coounisiooe  ifwurfcata  dell 

tcio  de  BeneSoenxa  ID  Veopzia.     Veneun,  t>t4T 

Coaollj :  The  Coiwtrnotion  and  GursmiDeiit  of  Lunatic  A^ytunu 

the  Inaane.     Loudon.  1M47. 

Thorr :   BcmerkuDgco   Uber   ftnu-  und  Inoflre-Einnohtuiic  <iaa 

MQnoben,  It^T.  ^M 

8tieva :  Dan  Knnkenbatu  BtiUuuiier.     Berlin,  1848.  ^| 

The  Uses  and  Abuses  of  Air.     New  York.  1B49. 
Hill  Uomall ;   MicroHopir  ExAminnliott  of  tht  Wat«r  *QppUed  to  I 
Bosoh;  Kapport  tiu  coiL»:il  dc  rftdmioifitrauoti  des  fa-'ftitaux  &  Bn 
BallipgaU  :  Obaernitiona  on  the  Site  and  Oourtraccioo  of  Hoapi' 

1861. 

Riegler :  Daa  Neae  oder  da*  Zinbatmigt  tn  Baoe,  in  d«r  Einv 

mtbe  d«r  Spiialer.     Wicn,  1851.  ' 

U^iterhnven :  Notice  nor  ThOpilal  St.  J*an  &  Bnucdle*      16 

Report  on  tbc  Queen's  Hospital  at  Btrmingliam.     IHS^. 

Jonx :  &ar  I'msalabrtt^  Telatire  des  hOpitatu.     PAris,  IffiS. 

Boabuad  :  Bur  lua  bupitaux.     Paris.  1858. 

Beriobt«  flbor  das  KrankootipiUI  ru  Wt«den,     Wlan,  185S-M. 

B«poit  to  the  Rig'bt  Hon.  I<onl  ronmure,  Miiiktor  at  War,  ot  Vt 

the  SanitazT*  CommifwiooB  despatobed  to  the  Seat  of  War  ia  Uu 

18S5-S0. 

OKbome:  Sontar!  and  itn  TTonpiial.     London.  1855. 

Ismeer;  or,  Sinyrtia  and  lc«  Britinh  IlospiuL     Loadoa,  1859. 

RolH-rtnoa:  On  the  I>i>f«}ti  with  R(>r<;rcnc«  to  the  Flaa  of  Oowtr 

<mr  HoJtpitoU  for  the  Kocc-ption  of  thv  Sick  and  Wounded.     Manofcl 
Rot>«>rii»oa :  On  the  Pefectff  of  Veittflntion      Mancheolac,  18M-4Q 
Hislnrj*  of  the  Nev  York  Oenem]  HnfljuLAl.     ISSfl. 
OonoUjr;    Treatment  of  the  I&eane  witboat  M«ohani4al  Ra«b 

iflBd 


rj 


G£:i£ICAL.    PKINCll'LlCS    OK    H()SPITAL    CONSTKUOl'ION. 


789 


6ra«a{ :  £tud«  comparative  sur  leu  doas  8]r«t«m«8  du  cbuuffa^e  et  ventilation  it 
1*hdpita1  LaribcHHMiire.     Pftrii'.  18.W. 

8tul>earaacli :  SiAtiaiiaohe  DanMUasg  dot  V«reins  Im  Kaiserthum  OeRtomioh. 
Wien.  1S57. 

Parkos:  Reokiui  Uoapital  In  tho  DanlaneOea.     Loodon.  1857. 

Oppert :  Art.  "  KeiseberiobC"     AJIgeni.  med.  OeDtrslxcit.     1867^8. 

Baatorn  Hospitals  and  Eaatcm  Xotko-*!      Tiondou,  IH17 

^e :  Di>!  Knuikenliuns«!r.     Berlin.  I8r>7. 

Brjoe :  Eiiglanct  and  France  before  Kebiutopol.     London,  1837. 

Robertson :  A  few  additional  Baggeationii  with  a  Viuw  to  tbo  Improvetnenc  of 
Hoflpitols.     H&noh<;8Utr,  ISOb. 

The  Buildtir :  Kobraajy,  Jaly.  NoTember,  1804  ;  Jane,  Jaly.  Aagoat,  1865.    Loadon. 

Notes  on  Mftttcre  affaetinf;  the  Health,  Effioiency,  and  Hospital  Administration  of 
the  British  Army.      London.  1858. 

Pettookofor:  Uebcrdon  Loitwcohflel.     HClnehpn,  185S. 

Qaaltj(>r  do  Ctnubry:  Art  "  HOpitoI  St.  Louiit  &  Turin,  avec  an  plan."  Annalua 
d'bjrpiiinn.      P.irin.  IHT)!*. 

Oppert :  Die  Kinriolitung  von  Kraukonhaagom.     Uerlin.  l&SO. 

Pappenheim  ;  .Sanitiits-Pnlizc'i.      Berlin.  1868-70, 

Fraucitt:   Hospilal  Hygiene.      New  York,  1850. 

Qrasai :  Kappurt  nor  la  oonstruotioa  ftt  raoaainiittoment  den  latrines  et  fosses 
d'nisanoes.     Portft.  ISfiO. 

Clark :  Dratbt  of  a  Uctropolitiui  Sanitary  Oodo.     Boston,  18&f). 

Bembo  :  DelUiuBtinuionidibeneflcenzanetlaoittaepronnziadt  Venezia.  Tenesift, 
186U. 

An  A^'oonot  of  St.  Luke's  Hospital,  New  York.     180O. 

Jebb:  Report  on  the  Convict  Priftonere  and  the  Establish  men  t  for  tovalid  Prisoners 
St  Woking.     1 800. 

Clark:  Outline  of  a  Plan  for  a  Free  City  Hospital.     Boston,  1860. 

Ver;^:  Dcir  ospedale  magj^iore  di  Milano.     Milano,  1860. 

Peclet :  Traitd  de  la  ckaleur  conHid£r4Se  dauu  8on  application.     Paris,  I860. 

Hamilton  '.  A  Treaciso  on  Military  Surgery.     New  York.  1861. 

Brown  :   Hospital  Ctiiu traction.      Boston,  1861. 

Oreen  :  City  Ho*«ptuU.     BoHton,  1861. 

LeFort:  Art.  "De«  UApitanx  Angtois."  Annales  d'hygi^ne  pnbliqno.  Paris. 
1861. 

Report  of  the  Commission  Appointed  for  Improving  the  Saoitary  Condition  of 
Borrocks  and  UoBpltol:*.     Loadon,  t8dl. 

Larroy  :  Art.  "  Discussion  sor  I*  salttbritS  des  hopitanx."  Bolletin  de  I'Aoad.  de 
H6d.     Parijt.  1861. 

Tr^lat:   Kttide  critiqao  anr  la  rocoDatmction  de  I'notcl-Dieu.     Paris.  1861. 

Paget:  Address  before  the  British  Medical  AssooiAtion.     London,  180'3. 

Ij6vy:  Snr  la  salubribo  des  hopitaox  on  bemps  de  paix  ot  en  temps  de  guerre. 
Paria.  1863. 

Degeu :  Die  Einrichtnng  der  Krankenhduaer.     Miinohon,  1868. 

Hagenborger  :  Puerperal  Fever  in  Petersburg.     18(J9. 

Baudens  :  On  Military  Camps  and  Hospitals.     Mew  York,  1863. 

Humon:  Etudes  sur  las  hdpitAox-     Paris,  IH63. 

Berti :  Intomo  ad  alonni  stablirocnti  do  bcncRcenza  dol  alta  It&lla.     1863. 

Larrey  :  Notice  i>ar  I'hygiitee  des  hopitaux  milttaircs.     Paris,  1863. 

Martin:  Art.  "  HospltjUs."     Holmes's  f^yslem  of  Surgery.     London,  1863 

Le  Port:  Hnr  Ics  h^pitsux  anglais.     Paris,  1863. 

Woodward  :   Hospital  Steward's  Manual.     Phihidelphia,  1862. 

Blondel  ct  &er :  lUpport  ear  les  USpitnux  oivUa  de  la  vUle  de  Londrea.  Paria, 
IS63. 


T90      ttlUtEUAL   rBU(ClFL£8 


lOtUTfAL    CO.NSTUII 


IMr  mi  Bfltew :  Kkak  fttpofl  of  ika  X«aic*l  OAcen  of  lilt  Prtv] 


Miirii  liO 


Jirtrtii.  IriiiiMa rf  U>w  War  to  MwOImI  < Jww      S««  Toik, 
fc|iafi  en  tba  BaiiltU7  OaadtUaa  Mid  lupranawat  of  Uw  ! 

Boport  «f  Um  Ci—iiiiMirtWin  AppmbKlmA  Im  tliit«^  inio  tiSm  flvBllnAj 

Armj  la  tislte.     Li«dMi.  lr4X.  ^H 


Um  :  OiBpiM  cmi^vvetkn.  wilk  :C«4iaM  «(  VtR^ifn  MOttAi?  HMfiltoU. 

UMM<r:  H  4*10  pnfM  4*  tiw^riw  d»  mcUi^Vim  ««  d>M 

■oi— nwlBMtfliifiliiifattflMMlMiM.     Puts.  IMS. 

Uali^BCa^teBiaMrCMUi^iM:  Wwk  and  Paqiniia      X«w  Tcvk.  I 
Birfk*:  llMit  «ar  la  Mp4«u  da  Gm^w,  Tteu.  ai  MiUa      fuiii, 
■Irii^an    Tlw  Btttl^  Atwj  Md  Kha  XlcfattaRiila     Fwte,  IHSC 
■M^  :  4«f^  Bo^itel  ttsporti.    Voitilatian  attA  Wumrnr  of  Umi  K4 

T— "-—-.•"*• 

AclBHd:  Ui*r«nM4»MpilMxp«rlftv«iiliktiaB  iwT«a£«.     Pkrii.  I 
ItfBoM  QqiBiulX—  OS  tb*  3lilgoy<Htou  Work^ovM  lofliiiuriM.     Londa 
Bi.  Tho^  nil  i|i Mill      l^MiiC,  IflSS. 
TtadiM*  Aik  "Pm^  da  mil  aim  rBIM-IMe«.     Auain  aniTfi^ 


■z  D*r« 


I  H  d»  fffftBM  dM  MOOttU  pakllfMB  •■  VHUH 


Mnw:  t»  oa«m«ftac  ■■If  tnt  d—  Klato-Dttlft      PwK  ItWV. 
fliwi  Bnteift :  War  Dkparfcuau— Azi«f  Bi|QipMiaaL-     Lotidoii,  19S5. 
Ia*^  -  Dw  I fWii-> Italian  tki^taohbtftdi.     Bmlyt.  ISSSl 
l^il  iiai<     m^riimtla  ttnH^iliia  ot  laahaaffigB.     Bc«4aai», 
UFBrt:  gyiJ^ahniiNinn.    Puia.  I««i 
tiwria :  ITf  Ml  mnr  lai  hAjAatu      BonltAiuc.  l^iS. 
^^T  Ift  TcntilAUoti  ««  Mntioo.     Puis,  I8i!5. 
The  H«rbert  Hcniptul.  WoslwichL     Loudoa.  1805. 
Tint  in  tfae  Puu  Cfaanti«aL      LoDdob,  IMS. 
Lea  bdfHUiu.     Puift.  ls«S. 
:  An.   *'Ha«|ri»alfl  of  Nortbeni  Germany."     Mcd^-Cbir. 


1 


UalLud 
Oatioo: 

TMtel: 


Ksapit 


A  Winter  m  Pv^al     Loirkii.  186A. 
BouMUaant :  Lw  hApitaux  ft  ioctitaUoDa  lioi^taUem.      Emxcllcft,  ISGI 
Hnhii :  Piioapla  of  HM|i!tal  i  ooitractkMl.     N«w  Tor^,  l^fi^. 
Hart :  Addivai  to  Uk  Bhiuh.  M«lioal  Sa^-na^tuitL.     Lotidoa,  ItiiStt, 
Jaw|nai»et     Dm  bupitaax  efe  dca  hoapaeeA      P&r«,  I1%0 
▼anhoia  -  Aft,  "T¥n  CopeahaffBa  HaapiuL*     Ana  J'hjjiAna      l^QV. 
B«n«^t  &ber  die  t  k    IltidoIpb»t3ftnii^,     We«u  If^W. 
t^  fort :   Lea  maicmibuk.      Pan«,  1  J^U\. 

Na|>|wr;  On  thr  AdTuitae»  deriTaWe  I*  ibe  HediiCdl   PrdfeMMMJ  and  U 
fo^A  VLlla(«  HoifiitabL     IKfi. 

Ujiurii;  Itraarfcs  >(id  th«  EstahlubineDt  df  CatUg>t  Qo^piialL     I864l 
Winter:  Art.   '-CMb^e  HoapilAlA."    Gm4  Worda     Mat    1806. 
RrpMt  «f  Cabie  S{moe  Cotaminaon.     London,  IH^T 


GENEEAL   PRINCIPLES    OF   HOSPITAL   CONSTfiUOTION.        791 

Oppert :  HoapitalB,  InBrmaries,  and  Dupeasaries.     Londoo,  1887. 

Dumreioher  and  Lan^nbeok :  Zar  Lazarethfrage.    Wien,  1867. 

FoTbes  Winalow :  Light ;  its  Intlnence  on  Life  and  Health.     Loodonf  1867. 

Cottage  HoBpitals.     Lanoet     London,  1867. 

Waring:  Cottage  Hospitals.     London,  18tf7. 

De  Chaomont:  Art.  **  Ventilation  and  Cubic  Spaoe."  Edin.  Ued.  Joor.,  Hay, 
1867. 

Box :  Practical  Treatise  on  Heat.     London,  1868. 

Chartrenil :  Art.  fitade  but  qaelqnee  points  d'hygi^ne  hoapitali^."  Arohires 
g^     Paria,  1668. 

IBbbo  :  Das  Barracken-Lazareth  der  konigliohen  Charite.     Berlin,  1868. 

Bulletin  International  dea  sooi^t^B  de  seconn  aox  mllitairefi  blees^  Geneva, 
1867-71. 

Hood :  A  Praotloal  Treatise  on  Wanning  BuildiDga  hj  Hot  Water.     London,  1869. 

Johg :  TraiuS  pratique  da  chanfEage  de  la  ventilation,  etc.     Paris,  1860. 

Galton:  The  Construction  of  Hospitals.     Leeds,  1809. 

Parkes :  Manual  of  Practical  HTgieue.      London,  1869. 

Husson:  Note  sur  les  tentes  et  barraqnes  appUqa6s  au  trmitement  des  bless^ 
Paris.  1869. 

Snrgeon-Oeneral's  Office.  U.S.A. :  Circular  No.  4.  Hoq)itaIs  and  Barracks.  Wash- 
ington, 1870. 

Swete  :  Handy-Book  of  Cottage  Hospitals.     London,  1870. 

Schatx :  Etude  sur  les  fadpitaux  sous  tentes.     Paris,  1870. 

Grant :  The  Endowed  Hospitals  of  Sootiand.      1870. 

Manning :  Lunatic  Asylum  Construction  and  Organization.    Med.-Chir.  Uev.,  1870. 

Beekman  ;  Centenary  Address,  New  York  Hospital.     New  York,  1871. 

N^htingale :  Notes  on  Lying-in  Institutions.    London,  1871. 

Cretenr:  Hygiene  on  the  Battle-field.     Paris,  1871. 

Virchow:  Lazarette  und  Borracken.     Berlin,  1871. 

Mossey :  Notes  on  Hospital  and  Barrack  Construction  and  Veptilatitm.  London, 
1871. 

Qreenway :  Art.  "  Improved  Hospital  Construction.*'  N.  Y.  Med.  Jour.,  Jannoiy, 
1871. 

X.  Y.  Z. ;  Essay  on  an  Effective  and  Ready  Method  of  Ventilating  Sick-rooms. 
Mass.  Medical  Society,  1871. 

Demoget:   fltude  sur  la.oonstraotion  des  ambulances  temporoires.    Paris,  1871. 

A  Comparative  E'»ay  on  the  Relative  Merits  of  the  Principal  Hospitals  in  Paris 
during  the  Siege  of  1870-71. '  Paris,  1871. 

Eassie :  Healthy  Houses,  etc.     New  York,  1873. 

Simpson:  Hospitalism.     New  York.  1872. 

Steinberg:  Die  Kriegalazareth  and  Barrocken  in  Berlin.     Berlin,  1873. 

Longstaff :  Hospital  Hygiene  nnd  Observations  on  Nursing.     London,  1873. 

Woodworth  :  Art.  *' Hospitals  and  Hospital  Constmotion."  Report  U.S.HH..S., 
187:j.     Washington,  IST?. 

Evans :  History  of  the  American  Ambulance.     London,  1873. 

Noureau  dictioonaire  de  m6d.  et  de  chir.  prat.  :  Art  '*  Hospitals."    Paris.  1873. 

Massachusetts  General  Hospital.  Boston :  Anoiial  Report  for  1873. 

Beekman  :  Remarks  on  One  of  the  First  Principles  of  Hospital  Hygiene.  Trans. 
Am.  Public  Health  A<wociation.     Philadelphia,  181^. 

Esse :  Das  Augusta  Hospital.    Berlin,  1873. 

Pettenkofer:  Air  in  Relation  to  Clothing,  Dwellings,  and  Soil.    London,  1878. 

Cowles:  Treatment  of  the  Sick  in  Tents  and  Temporary  Hospitals.    Boston,  1874:. 

Jenkins:  Tent  Hospitals.     Cambridge,  1874. 

Prince  :  Hospital  at  Sydney.     1874. 

Erichsen  :  Hospitalism.     London,  1874. 


792      GENERAL    PUINCIPLES   OJF   HOSPITAL    CONSTKUCTH 


Preseaoe  of  Hicroooocns  and  Bacteria  in  the  Walls  of  Hospitala.    Bn 
Teat— Revue  de  therapeatique.     Pam,  1874. 

So^eon-Qenezal's  Office,  U.&A.  :  Cixc.  Na  8.     A  Report  on  the  llj 
U.S.A.     Washington,  1875. 

Otia:  Plan  for  Transporting  Wounded  Soldiers.     Washington.  1873. 

Buchanan :  English  Hospitals  in  their  Sanitaiy  Aspect.     London,  187J 

New  Pavilion  Ward  of  the  Presb/terian  Hospital  of  Philadelphia. 
1875. 

Plana  tix  Johns  Hopkins  Hospital,  Baltimore.     New  York,  1875. 

Cowper:  Art  *'  Anolent  Hospitals.*"    Brit  Med.  Jour.,  October  9,  18 

Luther:  Art  '*  Hospital  Constmotion."     Philm.  Med.  Times,  Novem 

Boston  Citj  Hospitid  Reports,  passim. 

Waring :  Sanitary  Drainage  of  Houses  and  Towns.     New  York,  1876. 

Conkling  :  Cottage  Hospitals.     New  Yoik,  1876. 

Diaooasion  sur  I'hygidne  et  salubrity  des  hdpitaux  de  la  sociutd  de 
Paris. 

Morin :  Manuel  da  chauffage  et  de  la  ventilatioD.     Paris,  1868. 

Smon :  Filth  Diseases  and  their  Prevention.     Boston,  1876. 

Wylie :  Hospitals— their  History,  Oiganization.  and  Gonatraction.  "Set 

Crane :  On  the  Establishment  of  Army  Hoqiitals. 

Bute  (N.  Y.)  Charitiea  Aid  Association.    Hand-Book  for  Hospital  V: 
ToA,  1877. 

Billings ;  On  the  Plans  for  the  Johns  Hoi^ins  HospitaL    N.  Y.  Hed.  1 
York,  1877. 

West :  Hospital  OrganixaUon.    London.  1877. 

Boxdett :  The  Cottage  Hospital     London,  1877. 


fff 


?  s-7\ 


•^^, 


4-^     . 


^^^^^. 


^W 


%,  V 

/ 


